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Biographical Memoir of the late WiUiam Henry ^ M.D.^ F.R.S. 
and G. S. Vice-President of the Literary and Philosophical 
and Natural History Societies of Manchester^ S^c. By W il- 
LiAM Charlks Henry, M. D., F. R. S., & G. S. 

The late Dr Henry was born in Manchester, on the 12th of 
December 1T74. His earlier years were passed amid influences 
propitious to the nurture of those tastes for which he was after- 
wards distinguished. His father, Mr Thomas Henry, F.R.S., 
formerly president of this society, was a zealous cultivator of 
chemical science, to which he devoted all the leisure momenta 
of a life actively engaged in medical practice, with a persever- 
ance and success that have been affectionately commemorated 
by his son.-f* The earliest impressions of Dr Henry^s childhood 
were, therefore, such as to inspire interest and reverence for the 
pursuits of science ; and he is said, when very young, to have 
sought amusement in attempting to imitate, with such means 
as were at his disposal, the chemical experiments which his fa- 
ther had been performing. A severe accident, which befel him 
in early life, by disqualifying him for the active sports of boy- 
hood, must also have contributed to determine his taste for 
books and sedentary occupations. This injury, occasioned by 
the fall of a heavy beam upon his right side, was so serious as 



* Read before the Literary and Philosophical Society of Manchester, 
t 3f anchester Memoirs. 2d Series, vol. ilL 
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2 Biographical Memoir of the late Dr Henry. 

at the time to endanger life and materially to check his growth, 
and left as its consequence acute neuralgic pains, which recur- 
red often after long intervals of remission, and with peculiar se- 
verity some months before his death. His fortitude, while yet 
a child, in supporting the sudden paroxysms of pain, which 
were often so intense as to oblige him to rest in the streets, was 
most remarkable ; — and, in his efforts to banish the perception 
of physical suffering by an absorbing mental occupation, he al- 
ready manifested that energy of resolution and purpose, which 
throughout life compelled a feeble bodily frame to keep pace 
with the exertions of an ardent and unfatigued spirit. 

Dr Henry ""s earliest instructor was the Rev. Ralph Harrison, 
whose repute, as a teacher of the ancient languages, was so 
widely spread, as to draw to Manchester the sons of persons of 
rank from a distance, and, among others, those of the Marquis 
of Waterford, attended by their accomplished tutor Mr de Po- 
ller. On the establishment of an Academy in Manchester, which 
has since been removed to York, Mr Harrison was chosen to 
fill the chair of classical literature. His pupil had made such 
rapid progress as to be permitted, though considerably under 
the customary age for admission, to follow his preceptor to this 
enlarged sphere of competition. Here, though struggling with 
older and more advanced classmates, his diligence and ardour 
were rewarded by the approbation of his academic superiors, 
and he received in the prize allotted to him — an elegant copy 
of Virgil — the earliest of those literary distinctions, which, 
throughout life, constituted the mtun objects of his ambition. 

Immediately after leaving the academy, Dr Henry had the 
good fortune to succeed Dr Holme as an inmate in the house 
of that accomplished scholar and enlightened physician the late 
Dr Fercival. A constant liability to violent headachs, com- 
bined with weak eyesight, prevented Dr Percival from writing 
or reading with the vigour and continuity essential to his va- 
rious literary pursuits. It was the duty, therefore, of Dr 
Henry and of other young persons, who occupied the same 
place before or after him, to read aloud to Dr Percival, and to 
conduct, after his dictation, the extensive correspondence* which 
he maintained with those most eminent in science and in letters. 
Dr Percival^s style was peculiarly correct and elegant ; and his 
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example and judiciouB cuunsels seem to iiave been moat instru- 
mental in guiding the tastes of his young companion, and in 
establishing habits of vigilant and appropriate expression. Dr 
Percival also directed, with great judgment and kindness, his 
course of reading, and particuiarlj recommended to him works 
on mental and ethical philosophy; — thus probably laying the 
foundation of that taste for enlarged speculation on the moral 
and intellectual nature of man, and of that faculty of delicately 
discriuiinating the 6ner shades of chai'acterandof genius, which 
cotitributed so largely to his sources of enjoyment and of fama 
Of the salutary influence upon his character, of such intimate 
communion with this learned and high-minded physician, he 
was accustomed often to speak in after-life with grateful re- 
membrance ; and was ever ready to pay his warm testimony to 
the varied and tasteful scholurship, the enlarged philosophy, 
and the pure and devat^ moral bearing of his distinguished 
instructor. In a letter, many years ago, addressed to the wri- 
ter, Dr Henry speaks of Dr I'ercival as " an illustrious pattern 
of every thing delicate and pure in sentiment, elegant and dig- 
nified in taste, and polished in address and manner; — a tnan 
who, while he would have adorned a court by his gentlemanly 
demeanour, yet paid a tender and unceasing attention to the 
feelings of the humblest of those by whom he was habitually 
surrounded." 

In this improving residence, Dr Henry remained during five 
years, which were devoted to the general culture of his mind, 
. and to the preliminary studies of his profession. About the 
close of this period he first engaged in the practical observation 
of disease in the Manchester Infirmary, where he enjoyed the 
instructions of another of those eminent physicians, who have 
conferred so much literary glory on this town and on this so- 
ciety, the late Dr Ferriar. In his invaluable " Medical His- 
tories," the systematized records of his experience in our great 
public charities, Dr Ferriar has left to the profesMon the finest 
existing models of what such narratives of disease ought to be 
— in style, simple, concise, and energetic, though not rejecting, 
on suitable occasions (as in his moving essay on the Treatment 
of the Dying), the warmer colouring suggested by deep feel- 
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ing ; — in snbstancc, deriving general pathological conclusions, 
from the accumulated and methodized results of an experience 
no less ample than sagaciously directed and interpreted. As a 
hospital physician, Dr Ferriar seems to have possessed, in an 
eminent degree, the faculty of at once eliciting truth from the 
obtuseness or reluctance of the suffering poor, by his abrupt 
and pointed interrogatories, and by his impatience of all irrele- 
vant matter. He was especially distinguished by strength and 
rectitude of understanding, by manners perhaps somewhat un- 
bending and severe, by a high sense of honour, and by a fear- 
less and dignified moral bearing. To his pupil, his manner 
was always friendly and encouraging ; — and out of this early 
intercourse issued the sources of mutual esteem and permanent 
friendship, which were strongly evinced by his confiding, during 
illness, his medical duties to Dr Henry, and also by his making 
choice of him as his own attendant in the successive seizures 
which preceded his death. 

After having been thus initiated in those pursuits to which 
his after life was to be mainly dedicated, Dr Henry was re- 
moved in the winter of 1795-6 to the University of Edinburgh, 
at that time in its highest repute as a school of medicine and of 
the natural sciences. The chair of chemistry was still occu- 
pied by the venerable Dr Black, whose discovery of the facts 
that establish the existence of heat in a latent form, and whose 
successful discrimination between the caustic earths and their 
carbonates, had raised him to the highest rank among chemical 
philosophers. Dr Henry was an eager hearer of the beautiful 
prelections in which Dr Black, with calm and simple dignity, 
unfolded, in exact and perspicuous order, the truths of a sci- 
ence, which may almost be said to have been first called into 
existence by himself and his contemporaries. Dr Henry^s early 
kindled love for science was strengthened by lessons so impres- 
sively taught, in which, reverence for the teacher was interwo- 
ven with intense delight in the subject matter of his instruc- 
tions, and, especially, with a glowing admiration of that suc- 
cessful inductive process which had guided to the discovery of 
latent caloric. Dr Henry was no less fortunate in his other in- 
structors, both in general and professional knowledge. The 
important chair of Practical Medicine was then filled by Dr 



Biographkal Memoir of the late Dr Henry. S 

GrcRory, whose marked originality uf thought and humour, 
and whose happy talent of arrtsting attention by illustrative 
cases, narrated with dramatic effect, threw around the descrip- 
lions of disease a fascinating interest, to which they would 
seem naturally most alien. On Dr Henry's second visit in 
1805 to the University, he found the chair of Physical Science 
adorned by the profound muthematical learning of Playfair, 
and that of Moral Philosophy occupied by Stewart, whose pre- 
eminence OS a teacher has been beautifully celebrated by the 
most competent judge of modem times,' Of the invaluable in- 
structions of Mr Stewart, Dr Henry was prevented frcnn avail 
ing himself by the necessity of following at the same hour 
some professional lectures: but he has confessed that he not 
unfrequently deserted the Clinical Theatre for the impressive 
lessons of a higher wisdom. He ever retained and expressed 
the deepest admiration for the eompositions of these two mas- 
ter minds. The style of Playfair, in his Dissertation on Pliy- 
sical Science, and in his biugrapliical notices of Hutton and 
Robison, Dr Henry regarded as, upon the whole, the best ad- 
apted to philosophical purposes which our language possesses, 
and he had certaiidy erected it into a standard for his own imi- 
tation. In the writings of Stewart he was accustomed to praisi- 
the delicacy and correctness of his taste in arts and letters, the 
easy and melodious Dow of his periods, his graceful distribu- 
tion of ornament; but above all, the elevation and purity of 
his moral judgments and sensibilities, and the fervour and 
depth of conviction, with which he ever advocates as Tiisei>ara- 
ble, the interests of philosophy and of virtue. 

To tlu9 period of his life, Dr Henry always hwked back, as 
a season of pure and unuiingled happiness, arising out of the 
consciousness of a steady and rajiid progress in knowledge, un- 
disturbed by the cares and jtractical business of life, and quick- 
ened by constant intercommunion with minds ardently devoted 
to similar pursuits. He seems, indeed, to have been [x'culiarly 
happy in his intimate associates and fellow-labourers. Nor 
has the Metropolis of the North ever before or since a.ssfmbled 
within its halls of science, either so many illnatrious teachers, 

• Sit Jami-ii Mwllnloili, I'lvluniiiarj UioorUtUm, p. 3I1C. 
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or 80 noble a company of hearers. Among the latter were 
numbered Marcet, Roget, De la Rive, Thomson, Allen, Scar- 
lett, and Jeffrey ; and Lord Brougham as a youthful disputant 
in the Speculative, and occasionally in the Physical and Medi- 
cal Societies, was giving evidence of those native energies of 
genius and character, which have since borne him to the high- 
est judicial and political station in this country. 

Breathing such an exciting atmosphere, and urged onwards 
by his own ardent spirit, Dr Henry devoted his entire time and 
strength to mental improvement ; and has often affirmed that 
the rest of his life, active as it was, appeared a state of inglo- 
rious repose, when contrasted with this season of unremitted 
effort. It was, therefore, with deep regret, that after a year 
thus spent, he quitted the University, in deference to prudential 
considerations, with little prospect of ever revisiting it as a stu- 
dent ; and engaged in association with his father in general 
medical practice. After a few years' experience, however, the 
inadequacy of his delicate frame to bear up against the fatigues 
of this branch of the profession became evident, and he was 
permitted, in the year 1805, to return to the University, where 
he received, in 1807, the diploma of "Doctor in Medicine."" 

The period intervening between his two academic residences, 
though passed in the engrossing occupations of his profession, 
to which was added the superintendence of a chemical business, 
many years before established by his father, was yet marked 
by several important contributions to science. In 1797, he 
communicated to the Royal Society an experimental memoir, 
the design of which was to re-establish, — in opposition to con- 
clusions drawn by Dr Austin, and sanctioned by the approval 
of Dr Beddoes and other eminent chemists, — the title of carbon 
to be ranked among elementary bodies. His proofs were de- 
rived from the electrization of an impure carbu retted hydrogen 
gas ; but it is needless to particularize the experiments, since 
in a subsequent paper he made known a source of fallacy which 
had vitiated their results. They have value, therefore, chiefly 
as suggesting encouragement to the young, by shewing that 
Dr Henry had to pass through a stage of tentative initiation 
before reaching the consummate skill which afterwards dis- 
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lingiiished him in that most delicate province uf c)iemii-al re- 
search. 

In the same interval (1800) he also made public, through the 
Philosophical Transactions, some experiments on the muriatic 
acid gas. This memoir is one of peculiar interest, both as re- 
calling the state of chemical doctrine, anterior to the grand 
discoveries of Davy, and as marking the influence of pre-con- 
ceived theories on [he interpretation of facts. Oxygen was 
then regarded as the sole principle of acidity, and the muriatic 
acid was consequently supposeil to bo constituted of oxygen, 
associated with an unknown radical. It was in the hope of 
detaching this imaginary element from oxygen, that Dr Henry 
exposed the muriatic acid gas, Ix)tli alone, and mingled with 
gaseous matter possessing a strong affinity for oxygen, to re- 
peated electrical discharges. When the muriatic acid gas was 
electrified alone over mercury, its volume was uniformly dimi- 
nished, hydrogen gas was disengaged, and ^ white deixiait was 
collected, which proved to be calomel. The decrease of volume 
and the formation of calomel were much more considerable, 
when the electric discharges were passed through a mixture of 
oxygen and muriatic acid gas. When the electrization "vias 
performed without the presence of mercury in a glass-tube, 
closed by stoppers, each perforated with platina wire, chlorine 
was evolved and detected by the usual test. It is manifest 
that these experimenls, had they been justly interpreted, were 
Biitfident to establish the true view of the composition of mu- 
riatic acid gas. Yet, governed by the theory of acidification 
then universally prevalent, Dr Henry referred the disengage- 
ment of hydrogen to the decomposition of water, which was 
supposed to be still present in the gas after a week''s contact 
with fused chloride of calcium. Nor was it until many years 
subsequently that the simpler theory was firmly establislied by 
the genius of Davy. To the new doctrine, Dr Henry had, 
however, the merit of becoming an early convert ; and in a 
Bupplementary essay, published in the Transactions for 1812, 
he supplied some important evidence in its favour. He shewed 
that the same proportiim of hydrogen gas was obtained by 
electriiing muriatic acid gas, whether it had been exposed or 
not to fused chloride of calcium ; and hence concluded that 
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the hydrogen was elumnated from the muriatic gas, and not 
from aqueous vapour. He also ascertained, that the muriatic 
acid gas, when completely insulated in a closed glass vessel, 
sustained no change of volume from a succession of electrical 
discharges. This permanence of bulk was made more appa- 
rent by repeating the experiment in a vessel with a neck only 
one-fifth of an inch in diameter. After admitting water to ab- 
sorb the undecomposed muriatic acid, there remained one hun- 
dred measures of chlorine, and one hundred and forty of hy- 
drogen. In conformity with the law of Gay Lussac, the quan^ 
titles should have been equal, but the deficiency of chlorine 
was justly referred to its Idrge absorbability by water. The 
perfect accordance of muriatic acid gas with the law of volumes 
was further shewn by the observation that the contraction of 
volumes in muriatic acid gas electrized over mercury ; — a di- 
minution due to the combination of the liberated chlorine with 
mercury, — ^is precisely equal to the quantity of hydrogen gas 
obtained. 

In 1803 Dr Henry made known to the Royal Society his 
elaborate experiments on the quantity of gases absorbed by 
water at different temperatures, and under different pressures. 
The absorbabilities of the different gases, under a constant 
pressure, by water of 65^ Fahrenheit, were first accurately 
measured. Elevation of temperature was found to lessen the 
amount of absorption, the diminution for each increment of 10^ 
above the standard temperature being equivalent to about j'jth 
of the entire bulk absorbable at 55"^ Fahr. In investigating 
the absorption of the same gas under varying pressures, Dr 
Henry arrived at the simple law, " that water takes up of gas 
condensed by one, two or more additional atmospheres, a quan- 
tity which, ordinarily compressed, would be equal to twice, 
thrice, &c. the volume absorbed under the common pressure of 
the atmosphere.^ This exact proportionality of the quantities 
absorbed to the pressures, makes strongly in favour of the the- 
ory proposed by Dr Dalton, that the absorption of the gases 
by water is due entirely to mechanical agencies. 

Dr Henry described in the Philosophical Transactions for 
1808, a form of apparatus, adapted to the combustion of larger 
quantities of gas than could be fired in eudiometric tubes. Re- 
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suits were thus obtained, whicli may be pronounced fair ap- 
proximations to trutli, especially when estimated with reference 
to the still imperfect resourees of pneumatic chemistry. The 
apparatus cannot, however, be now recommended when extreme 
precision is desiritble. In this year (1808) he was elected a 
Fellow of the Royal Society, and in the following yew received, 
by the award of the President and Council, the medal on Sir 
Godfrey Copley's donation, as a mark of their approbation of 
his various papers communicated to the society, and printed in 
the Philosophical Transactions. 

The same analytical method hy which the decomposition of 
muriatic acid gas had been effected, was in 1809 employed by Dr 
Henry to resolve ammonia into its constituent gases. These 
experiments may even now be commended as models of ex- 
treme accuracy. Ammoniacal gas previously dried with great 
care, was found to expand to double its primitive volume after 
a sufficient number of electrical discharges. The average of 
eight experiments (in five of which the volume was exactly 
doubled) gave the relation of 100: 108.78 between the volumes 
of gas before and after decomposition,— a conformity between 
theory and experiment, which modern refinement cannot sur- 
pass. In this memoir Dr Henry also made known a remarka- 
bly elegant and expeditious method of analyzing ammonia, by 
firing it in a volta tube with a deficient quantity of oxygen. 
In this process all the ammonia is decomposed, though a part 
only of the hydrogen thus liberated meets with its equivalent 
of oxygen. More oxygen is then added to bum the residuary 
hydrogen : — for Dr Henry had observed, that if the whole 
quantity of oxygen was added at once, the results were disturbed 
by the prmluction of nitrate of ammonia. In estimating the 
proportion of hydrogen and nitrogen constituting ammonia, he 
obtained somewhat less hydrogen than the theoretical quantity, 
a deficiency which he rightly ascribed to the cooling agency of 
GO large a volume of azote causing a part of the hydrogen tu 
escape unbumed. He afterwards, by employing nitrous oxide 
instead of oxygen, obtained and ^jublished in the memoirs of 
this society, results that establish precis multiple relations. 

The gaseous substances, issuing from the destructive- distil- 
lation of coal and oil, had very early engaged Dr Henry's at- 
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tention, and he had at various times devoted much labour both 
to their chemical analysis and to ascertain their respective fit- 
ness for the purposes of illumination. The general conclusions, 
which he had made known in several successive memoirs, 
were, that these gaseous products are mixtures of olefiant, car- 
bonic oxide, carburetted hydrogen and hydrogen gases in va- 
rying proportions, with other accidental impurities, as carbonic 
acid and sulphuretted hydrogen. An opposite doctrine had 
been proposed to the Royal Society by a distinguished chemist. 
It was maintained that carburetted hydrogen does not consti- 
tute a distinct gaseous species, that olefiant gas is the only 
known compound of carbon and hydrogen ; and that the gases 
obtained fi'om oil and coal are nothing more than mixtures of 
olefiant with simple hydrogen. 

In an elaborate paper published in the Transactions for 
18181, Dr Henry succeeded, however, in establishing the sound- 
ness of his original views. He contended that the concurring 
results obtained by Dr Dalton, Sir H. Davy, Dr Thomson, and 
himself, from the analysis of carburetted hydrogen collected 
both from stagnant water and from the coal measures, at dis- 
tant times and places^ clearly demonstrate that gas to be a true 
chemical compound, characterized by perfect uniformity of pro- 
perties and composition. He proceeded to investigate the action 
of chlorine both upon carburetted hydrogen and olefiant gases, 
with a view to learn how far chlorine may be depended upon 
as a means of effecting their separation. Carburetted hydro- 
gen was found to be wholly unaltered by prolonged contact 
with chlorine, when light was carefully excluded. Under the 
same circumstances olefiant gas, on the contrary, was entirely 
removed by chlorine. Hence he derived a simple and beautiful 
mode of separating olefiant gas from the other gaseous com- 
pounds of carbon with hydrogen or with oxygen, as well as 
from pure hydrogen. After establishing the perfect accuracy 
of this process, on artificial mixtures of the gases in known pro- 
portions, he applied it to the mixtures of the same gases in 
unknown proportions, which* constitute oil and coal gases. The 
best oil gas shewed forty per cent, of a gas condensible by 
chlorine ; the best coal gas not more than thirteen per cent. 
The residuary gases, left after the complete action of chlorine, 
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were then detonateil in a volta tube with oxygen, and afforded 
results, shewing that they were mixtures of carburetted hydro- 
gen, carbonic o\ide and hydrogen gases, in proportions which 
he was then unable to determine escept by approximative cal- 
culation. — " No one instance," he concludes, " has ever occurred 
to me of a gas obtained from oil or coal, which, after the action 
of chlorine upon it, with the exclusion of light, presented a 
residuum at all approaching to simple hydrogen gas." 

In his latest com muni cation to the Royal Society (18S4), Dr 
Henry succeeded in conquering the only remaining difficulty in 
the analysis of these complex mixtures ; viz., the ascertaining, 
by chemical means, the exact proportions which the gasca, left 
after the action uf chlonne on oil and coal gas, bear to each 
other. For this purpose he skilfully availed himself of the 
property, which had been recently discovered by Dobereiner 
in finely divided platina, of determining gaseous combination. 
Having ascertained that carbonic oxide with oxygi'n is rapidly 
converted into carbonic acid, in presence of platina at a tempe- 
rature of 340" Fahrenheit, while carburettcd hydrogen is wholly 
URcbanged, till the heat considerably exceeds that of boiling 
mercury, Ur Henry exposed a mixture of carbonic oxide, hy- 
drogen, and carburetted hydrogen with oxygen, into which pla- 
tina had been admitted, to the temperature of 340°. The car- 
bonic oxide and hydrogen were converted into carbonic acid and 
water, — and their relative proportions easily determined. The 
residuary carburetted hydrogen was then detonated with oxj- 
geu in a volta eudiometer. The numbers thus obtained cor- 
responded precisely with thequantitiesofihe gases that had been 
mingled together. In further trial of this new mode of ojjerat- 
ing, it was apphed to the analysis of a mixture of the same 
gases, but in unknown proportions, which constitutes an inferior 
quality of coal gas The specific gravity of this gai:, derived 
from the proportions thus ascertained of its constituents, was 
.803, a number coinciding as nearly as could be expected with 
the actual specific gravity of the ^us .308, 

In the course of this enquiry, Dr Henry noticed the curious 
property of gaseous interference, which was observed about the 
same time, and first made ])ublic by Dr Turner. Thougli not 
affecting the main object of his researches, these phenomena at- 
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tracted his attention by their singularity and novelty ; and the 
experiments he performed in the hope of unfolding their nature, 
suggested a theory of interference, which has been confirmed 
by recent investigations. — " The property," he observes, ** in- 
herent in certain gases, of retarding the action of the platina 
sponge, when they are added to an explosive mixture of oxygen 
and hydrogen, is most remarkable in those which possess the 
strongest attraction for oxygen ; and it is probably to the de- 
gree of this attraction, rather than to any agency arising out 
of their relations to caloric, that we are to ascribe the various 
powers, which the gases manifest in that respect."*^ 

An essay on the compounds of nitrogen, published in the 
Manchester Memoirs for the same year (1824), though not 
adding any facts of moment to the prior results of Gay Lussac, 
yet made known some new and exact methods of speedily de- 
composing nitrous oxide and nitrous gas. Thus the constitu- 
tion by volume of nitrous oxide, was determined with singular 
precision by detonating it with carbonic oxide, instead of with 
hydrogen gas ; and nitrous gas was found to form an explosive 
mixture with olefiant gas. 

It is worthy of remark, that all Dr Henry's scientific me- 
moirs, which have been hitherto enumerated, are devoted to 
the chemistry of aeriform bodies. For this refined department 
of science, Dr Henry always manifested the strongest predilec- 
tion. Indeed of nine experimental papers, contributed by him 
to the Royal Society, no fewer than eight are dedicated to the 
gases. At the period when DV Henry'^s interest was first awak- 
ened for philosophical pursuits, the rapid discovery by Priest- 
ley of several new gases, and the sanguine hopes inspired by 
Beddoes of detecting in these subtle and hitherto concealed 
forms of matter powerful remedial agents, urged both physio- 
logists and chemists to engage witli ardour in pneumatic re- 
searches. Subsequent experience has demonstrated, it is true, 
the unsoundness of these projects for enriching with new re- 
sources, the art of practical medicine. But the beautiful law, 
unfolded by the genius of Gay Lussac, that the gases combine 
in volumes which arc either equal or multiples by an integral 
number — by establishing, when interwoven with the Daltonian 
philosophy, the existence of some* simple relation between the 
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luiiilwrs of atoms existing in vi\ao\ spaces of Hcrifomi mat- 
ter, has almost elcvatcJ the pneumatic chemistry (o the dignity 
Bnd exactitude of a mathematics scieuce. There is, moreover, 
the pursuit of these subtle elements, which escape the visual 
aenst^ which can he imprisoned and weighed only by the most 
Kfined instruments, and which can he discriminated only by 
the most delicate processes and indications, a somewhat of myn- 
tery and of a higher initiation, which deeply moves the imagi- 
sation. It may too he safely affirmed, lliat Dr Heury'a habits 
of extreme mental accuracy, his unrivalled manual expcrtness, 
«nd tlie general tendencies uf his tastes towards elegance and 
precision, pecuLnrly qualified him to excel in conducting such 
delicate enquiries. 

ut although his original efforts in chemistry were mainly 
directed to the gases, he was by no means u stranger to other 
provinces of experimental research. His comparative analysis 
rf many varieties of British and Foreign salt, were important 
in refuting the prejudices, then widely prevalent, of the supe- 
riority of the latter fur certain economical purposes. His essay 

the Materiality of Heat, published in the memoirs of this 
learned body, is written with force and perspicuity, though in 
modem times the tide of doctrine undoubtedly sets in the oppo- 
site direction. His critical memoir on ttie theories of galvanic 
decomposition has even lately been noticed with prmsc by Der- 
celius in hia Jahrabericht, as among the first to assert that view, 
hich in his judgment is still most deserving of adoption. But 
of ^e soundness and extent of Dr Henry's acquaintance with 
gmeral chemistry, his " Elements " furnish undoubted proof. 
This work, which in 1829 had jiassed through eleven editions, 
has always held a high place in public estimation, as a clear and 
faithful record of the details of chemistry, and as conveying, in 
its general chapters, a distinct and comprehensive survey of the 
leading doctrines and higher philosophy of the science. 

Although impelled by a strong predilection to the pursuit of 
chemical science, Dr Henry was not an inactive member of the 
profession to which he belonged. Besides contributbig to the 
medical journals of the time, such interesting cases of disease as 
fell under his observation, as physician to the Manchester In- 
firmary and other public chari%>8. he engaged in an elaborate 
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investigation of that important class of maladies, which affect 
the urinary system,— -the exact diagnosis of which is well known 
to rest on indications purely chemicaL His inaugural discourse 
on uric acid ; his analysis of many varieties of calculi ; and his 
essay on Diabetes, were favourably received by the profession, 
and are still cited with approbation by our best pathologists. 
Even after having relinquished the exercise ;~of medicine, he 
continued to feel a deep interest in its advancement, and on a 
late occasion when the ravages of Asiatic cholera in neighbour- 
ing countries suggested the necessity of preventive measures on 
our own coasts, he established by experiments, as satisfactory 
perhaps as the nature of the enquiry admitted, the destnictibi- 
lity of various contagious poisons, by degrees of heat inferior 
to the boiling point of water. It is due, however, to his philo- 
sophical caution to state, that Dr Henry regarded these expe- 
riments only as initiatory, and as demanding the confirmation 
of multiplied and varied trials, before being adopted as the 
basis of legislative enactments. His feelings of interest had 
been so deeply excited in the laws and higher physiology of 
contagion, that he embodied all the facts and evidences he had 
been able to glean from a most extensive course of reading, in 
a report which was communicated to the British Association, 
and has been published in their transactions. 

Dr Henry'*8 compass of thought and interest was not, how- 
ever, restrained within the limits of his profession and his fa- 
vourite branch of knowledge. Of the sciences of classification, 
he had cultivated in early life, with great zeal, both botany and 
mineralogy ; and had formed a creditable collection of mineral 
specimens. This latter study naturally led him into the kin- 
dred pursuit of geology. Indeed, his first academical residence 
in Edinburgh coincided with the memorable period, when the 
two rival theories were the objects of constant and eager contro- 
versy in all societies, and especially in the higher scientific cir- 
cle, in which Dr Henry had the privilege of moving. Shortly 
after the formation of the* Geological Society of London, Dr 
Henry was admitted a Fellow ; and though he never aspired 
to collect by personal research, materials for the advancement 
of that science, yet he diligently possessed himself of all that 
was successively made known^ and deeply sympathized in its 
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prosperous fortunes and liigli destinies. During the latter 
yeora of hts life, especially, these pursuits niinistere<I largely to 
bis sources of enjoyment, and prompted hini to uodcrtake seve- 
ral short journeys, with the object of examining interesting sec- 
tioQB, and of collecting characteristic fossils. The growing lite- 
rature of a science, that has attracted to itself bo liirge a share 
of the intellect and genius of this country, replaced as an ol»- 
ject of interest in Dr Henry's mind, the contemporary progress 
of chemistry, from the details of which, in consequence of phy- 
sical inability for experiroenting, he had ceased to derive much 
lJe.,u,«. 

In polite letters, Dr Henry had ever been accustomed to 
■eek variety and relaxation from severer study. His range of 
interest was singularly comprehensive. He took peculiar de- 
light in narratives of voyages and travels, and from such works 
was in the habit of gathering and preserving all novel facts 
that tended to throw light' on the physical history of the earth, 
or the manners and mental habitudes of its inhabitants. He 
has thus strongly expressed his sen.se of the value and dignity 
of such personal labours and perils in the cause of science. 
*' No subject within the compass of human knowledge em- 
braces so wide a sphere of enquiry, or so much lends to 
I gratify an enlightened and liberal curiosity, as voyages and 
travels undertaken with a right aim, and by persons qua- 
lified to reap their rich and varied fruits. To those en- 
gaged in them, are offered all the fascination of novelty, all 
the hopes of wider and brighter prospects of the moral and na- 
tural world ; all the warm impulses of an honourable ambition 
to live beyond the present times, and to be remembered by con- 
quests more glorious and more useful than those of the field. 
These high motives kindle and keep alive a spirit which sus- 
tains them through toils, difficulties, and disappointments, and 
enables them to triumph over physical privations and pains, 
which would dishearten the stoutest, if encountered in the every 
day transactions of Ufe." Biography, especially that of men 
devoted to the pursuits of philosophy, always occupied him 
most agreeably, — carrying back his intellectual sympathies to 
distant peritxls, and supplying him with materials for after- 
thought and speculation. His mind had been early nurtured 
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with the choicest fruits of our national poetry : — and the same 
purity of taste and affections, which in music made him pecu- 
liarly accessible to the simpler melodies, guided him to the 
fresh and gentle beauties of our earlier poets. He often com- 
mended as a happy imitation of their manner, ^^ the Castle of 
Indolence,^ a poem, which he more than once read to his 
domestic circle, with that delicacy and truthfulness of intonation 
which are inspired only by deep and intuitive perceptions of 
excellence. 

In determining the literary merits of the works of others, 
and still more in the expression of his own thoughts, Dr Henry 
was guided by a correct, or rather a severe taste, which might 
have rendered him over-fastidious ; had not his critical judg- 
ments been attempered by the fervour of his sympathies, and by 
the comprehensiveness of his mental vision. An enemy of re- 
dundancy in expression or in ornament, he erased in the vigi- 
lant revisals, through which all his compositions had to pass, 
every superfluous term, reaching finally as complete condensa- 
tion of style as was consistent with ease and distinctness. In 
strictly philosophical writing he was frugal from principle in 
the employment of imagery ; aiming solely at the simple and 
logical enunciation of truth. But in his literary essays ; in his 
biographical notices, when warmed by the contemplation of 
genius or virtue ; and especially in his letters, when his feelings 
had been touched by the works of nature, or when surveying 
the grand lines and general bearings of science, and shaping 
forth his future course, as a philosophical enquirer or writer, 
his style received embellishment and warmth from a powerful 
yet chastised imagination, and from a heart prone to gene^us 
and noble emotions. His eloquent delineation of the intellec- 
tual features of his great contemporaries, Davy and WoUaston ; 
^-his enthusiastic homage to the soaring and creative genius 
of Davy, and his no less truthful picture of the opposite en- 
dowments, — ^the caution, the sobriety and precision of WoUas- 
ton, are probably fresh in the minds of many present ; and may 
recal Mr Playfair^s celebrated contrast of Black and Hutton, 
both in many qualities common to the minds compared, and in 
the vigour which characterizes alike both comparisons. An 
earlier essay by Dr Henry, entitled Cursory Remarks on 
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tf usic, may also be commended bb a fine example of the grace- 
Ailness and purity of his style, vhen handling topics of elegant 
letters. 

Dr Henry appears indeed to have been eminently fitted both 
f>y natural tastes and by after culture, to excel in what may 
he called the hteralure of science ; comprehending especially 
tmder that term, the hisU»-y of discovery and the didactic ex- 
poaitioa of general laws and doctrines. In his latter years, he 
•eems himself to have strongly felt, in the perception of grow- 
ing infirmities, that his season of active research was gone by, 
I to have looked aroimd for some worthy object, not de- 

mding personal exertions, to occupy what remained to him 
of life and of mental strength. His thoughts had dwelt for 
e time on two scientific projects, for both of which he had 
e considerable preparations. One of these designs, which 
lyul floated longest before his mind, and which he was most in- 
clined to realize, was a work that should assemble the benefi- 
t provisions in the Chemical Economy of Nature, which 
wtabltsh the existence and attributes of an All-wise Governor 
of the Material Universe, He thus expressed, in a letter ad- 
dressed many years ago to the writer, his conceptions of the 
Wope and dignity of such an undertaking. " It has always ap- 
|ieared to me a defect in phy si co-theological works, that too 
frequent appeals are made to the reason, in proof of divine 
^'sdom, and that their efficacy is weakened instead of being 
confirmed by needless iteration. It is enough if a writer, on a 
■ubject full of these proofs, presents them first apart from each 
Other, and then in combination, in clear, plain, and unaffected 
language, to the understanding of the reader, and contents 
Umself with a general but forcible impulse towards the conclu- 
nons respecting their causation, wliich have forced themselves 
Upon his own mind. A work of this kind, executed as it ought 
to be, would be a foundation for a just reputation to its author, 
and for a more durable one than can be raised by any abstract 
rf the state of technical chemistry, which, however well executed 
«t the time, must soon be rendered obsolete by the rapid march 
of discovery, while the great and leading principles of chemical 
philosophy will stand unimpeached and unclianged landmarks 
to guide those who are in search of truth. There would too, 
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I think, bs gi-eat utility in such a work, because, iDdependently 
of all such leDdeticv aB that to which I have alluded, it would 
place the reader on a station from whence he might enjoy B 
distinct view of the surrounding world, of that world with 
which he is brought closely into contact, and wiih which he is 
every hour conversant, but whose most beautiful arrangements 
he passes unheeded by. What a v^irfe field of [>henooiena, for 
instance, admit ot explanation by the laws respecting heat ; — 
the etIFects uf its expansive poww both on bodies themselve*, 
and in rendering them its vehicles to distant regions, borne oo 
the waters and the air, which envelojje our globe — the influence 
of the provision of latent heat in retaining it in great store- 
houses, where it is felt only for good and from whence it issues 
in continued and vivifying abundance when the sun withdraws 
his warmer beams — idl that relates to the radiation of caloric 
through infinite space, and its reception by the subjects oS the 
mineral, the vegetable, and ihe animal kingdoms ; — the admi- 
rable contrivances especially, by which the latter are cheered 
and animated, witliout injury even to the most delicately orga- 
nized. Surely these are topics (and they arc but a very small 
portion of the whole) on which no man can expatiate without 
that pure delight, which truth first breaking through ignorance 
or error, sheds over the mind, refining and exalting both our 
moral and intellectual natures." 

The oilier literary project, for whicli Dr Henry had also 
collected some materials, was a history of chemical discovery 
from the middle of the last century, and devoted in largest 
measure to the glorious epoch of Scheele, Cavendish, Black, 
Priestly, and Lavoisier, As the historian of his favourite 
science, it was Dr Henry's design to have pursued the method 
BO successfully traced hy Sir James Mackintosh in his invalu- 
able dissertation on Ethical Philosophy — that of developing the 
progressive advances of the science through the lives and 
triumphs of its most eminent cultivators. The biographical 
notice of Dr Priesdy, made public in the first volume of the 
Reports of the British Association, was to have formed one of 
this gallery of historical portrait ui'es. Such objects, and espe- 
cially the calm retrospect of the advances of knowledge, and 
the deliberate estimate of the services of genius, Dr Henry 
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ooDceivcd to be the appropriate employment of advancing years, 
vhich, while they chill the active energies of inventiou and 
creadoD, ripen the j udgnient and incline to contemplative habits, 
to which they minister the accumulated materials of past study 
md experience. The evening of life, he often remarked, was 
&r from ungenial to maturity or even vigour in composition, 
idily assented to the similar sentiments so eloquently 
enforced by Sir James Mackintosh, when iharacterizing the 
autumnal fruits of Mr Stewart's genius. It is matter of deep 
Rgret, that l)r Henry was not pennilted to execute this great 
design ; for, as a writer, it may safely be pronounced that lie 
Iras never more happy than in his power of discriminating the 
finer intellectual distinctions, and of painting vivid yet not over- 
dbsrged mental resemblances. Maintaining an enlarged com- 
with all orders of intellectual greatness, and an enthu- 
adc worshipper of genius in all its manifestations, he delighted 
thus offering to it his fervent homage, and in giving worthy 
expression to the intenseness of liis feelings and convictions, 
and to the ardour of his sympathy in every discovery that pro- 
inised to advance the well-being of mankind, and to further tlie 
catise of univeTNd truth aiul science. 

To the members of the Society, who as a body have already 
placed on record their affectionate respect for his memory, and 
with some of whom he 'had maintained throughout life an un- 
broken friendship, cemented by kindred tastes and nmtuol 
esteem, it can scarcely be necessary to offer any detailed por- 
traiture of his moral excellencies. Yet there were some traits 
tather of manner than of character^ which by those not in habits 
of close intercourse with him, might not, perhaps, have been 
dwaya rightly interpreted. Thus there was occasionally a 
Kserve of manner that might be regarded as implying coldness 
flf feeling, but which arose solely out of the languor produced 
l)y an almost constant state of bodily indisposition, and in- 
eretteed by those habits of studious application from which he 
could never be induced to relax. Though not liable to acute 
maladies or to such as seemed to endanger life, he had to strug- 
^e with what is perhaps less supportable, an habitual infir- 
mity of health and feelings of oppression arising from the slow 
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aad iniperfecl action of the digestive functions. These dift- 
tempered sensations he was accustomed to lament, mainly a» 
abridging his season fur intellectual labour, and especially as 
disqualifying him for original thought and composition. 

In the genera! intercourse of society, Dr Henry was distin- 
guished by a polished courtesy, by an intuitive propriety, and 
by a considerate forethought and respect for the feelings and 
opinions of others ; — qualities issuing out of the same highly- 
toned sensibility, that guided in taste his letters, and that soft- 
ened and elevated his whole moral frame and bearing. His 
comprehensive range of thought and knowledge, his proneness 
to general speculation in contradistinction to detail, his ready 
command of the refinement of language, and the liveUness of 
his feelings and imagination, rendered him a most instructive 
and engaging companion. To the young, and more especially 
to such at gave evidence of a taste for liberal studies, his man* 
ner was peculiarly kind and encouraging. He was most 
anxious to promote, as far as was in his power, their progress in 
knowledge, and on one occasion cheerfully dedicated a consi- 
derable portion of time to initiate some yoimg friends in those 
more refined operations of analysis in which he was so consum- 
mately skilled. 

From this imperfect record of Dr Henry's original labours 
in science, and of his tastes in letters and in philosophy, a more 
faithful impression of his intellectual habitudes and endowments 
may perhaps be gathered, than from any general mental ana- 
lysis. In science, it will have appeared that his efforts are 
mainly characterized by ingenuity and elegance in devising in- 
struments and methods of research, and by extreme skill and 
precision in their employment. But in measuring the amount 
and importance of Dr Henry's contributions to chemical know- 
ledge, it must be borne in mind that in his season of greatest 
mental activity, he never enjoyed that uncontrolled command 
of time, and that serene concentration of thought, which are 
essential to the completion of great scientific designs. His in- 
tellectual seed-time was encroached upon by the duties of an ex- 
tensive medical practice, and by other equally pressing avoca- 
tions, and his experimental inquiries were conducted at late 
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liaurs or at intervals snatched from engrossing pursuits and with 
tile liability to constant interruptions. In more advanced life, 
when relieved from such trxertions, growing infirmities, and fail- 
ing bodily power, restrained him to studies not demanding per- 
sonal exertion, and even abridged his season of purely mental 
labour. Tliat, amid circumstances so unfriendly to original and 
mistained achievements in science, he should have accomplished 
■o much, bears testimony to that energy of resolve, that unsub- 
dued ardour of spirit, which ever glowed within him, urging 
tim steadily onwards in the career of honourable ambition and 
prompting esertious more than commensurate with the decaying 
forces of a frame that had never been vigorous. 

Though, moreover, the science of chemistry undoubtedly 
held the highest place in Dr Henry's sphere of knowledge and 
interest, any measure of the strength an<I compass of his mind, 
which should rest simply on his diemieal acquirements and dis- 
coveries, would be eminently inadequate. In forming such es- 
'timate, it is essential to his just intellectual station, that regard 
■hould be had to the soundness and extent of his knowledge in 
various branches of physical and natural science, in the advance- 
inent of which he had no design of actively participating, and 
to which he was attracted by no other motive than the delight 
be experienced in the varied exercise of his faculties, and in the 
|>erception of now tnitlis. Nor would it Iw just to overiook his 
lare endowments as a philosophical thinker and writer, the 
clearness and Bdelity with which he assembled and methodized 
the scattered fruits of discovery, and the simplicity and vigour 
which characterize his exposition of general doctrines. It would 
appear, indeed, from someslight notices of his early occupations, 
which are still preserved, that, at the very outset of hia career, 
be had projected a scheme of study remarkable for its compre- 
hensiveneas ; having probably, even then, arrived at the convic- 
tion, that an equable development of the various faculties, active 
ae well as speculative, is most conducive to sound mental disci- 
pline and to individual well-being ; and that a commanding 
■urvey of the kingdoms of nature, and enlarged sympathies with 
the creations of human thought and genius, are wisely purchased 
by the sacrifice, if necessary, of a somewhat higher degree of 
excellence in a single department of knowledge. 
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In condurion, it may be permitted to one so near to Mm m 
blood and in affection, to indulge the conviction, that hfcutdts 
so vigorous and excursive, so amply furnished with materiab 
for the illustration and enforcement of truth, might, had thqr 
been reposited in a less frail tenement, have raised some endur- 
ing memorial of their compass and energy ; — if dedicated to 
the history of science, impartially weighing and recordii^ the 
services of individual minds, yet with vigilant and subordinate 
reference to the general intellectual movement of each epodi ; 
fh)m which even genius itself derives its primitive impulse if 
not its special direction ; — or if aspiring to trace the footsteps 
of design in the Economy of Nature, ascending from the loftiest 
generalizations and most comprehensive laws to the contempla- 
tion of the Great Fountain of all truth and of all scienoe. 



Ai%alynes qf Basalt and of Lava from Etna, By A. Lows of 

Vienna.* 

Basalt has often been made the subject of chemical exami- 
nation. Of the analyses, in which it was regarded as a simple 
mineral, those of Klaproth and R. Kennedy are particularly de- 
serving of attention. The former examined the basalt of Ha- 
senberg near Elappey, not far from Libochowitz in Bohonia, 
and the latter that of the island of Staffa. 

These analyses afforded the following results : — 
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* From Pogffenkfrff*9 Annalen, 1636. 
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More recently, Bcrzcluis, in his Memoir on Meteoric Stones, * 
and C M. Gmelin, in his Examination of PhoDolites,-f- have 
pointed out a method which may lead to the enlargement of our 
chemical knowledge of compound minerals, and which consists 
in first separating them into two portions by treatment with 
acids, when the one is decomposed and gelatinized, while the 
other remains undecomposed, and then subjecting each portion 
separately to analysis, 

n this manner C. M. Gmelin analyzed difTerent varielieH f^ 
basalt, I and found one portion to be decomposable in acids and 
the other undecomposable ; and that the one was distinguiiihable 
from the other by the circumstance of the former containing 
potash, soda, and water, while the latter approached augile in 
: composition. 
The following are the results of his analysis ; — 

a. Basalt from Stettin, a basaltic conical hill in Hegau. 
Quantity of the gelatinized mass 61.54 per cent 
ungelatinized mass 38.46 

b. Basalt from HohcnstofTeln in Hegau. 
Quantity of the gelatinized mass . 61.97 ... 
ungelatinized mass S8.U3 

*. Basalt from Sternberg near Urach. 

QuMitity of the gelatinized mass 87-72 

ungelatinized mass 1S.28 

d Basalt from the district of Wezlar. 

Quantity of the gelatinized mass in the un- 
decomposed basalt . 40.99 

weathered portion . 28.73 

ungelatinized mass in the 

nndecomposed basalt ■ JS9.71 

weathered portion . 76.97 



• Ftggendarff't Aimaltn, vol, ixlilj. p. 10. 

tTrannctionaof the Wiirtemberg Society, vol ii. p. i33, an-i PosgmtdorjgTi 
, voL xiv. p. 3ji7. 

r Bfuall Ggbiirlr, put i. p. 280, ftc. 
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.J9ai7 96.73 99.60 9a66 

In order to ascertain if the basalts of other districts have a 
amilar composition, I undertook the analysis of a very charac- 
teristic Silesian variety, which was kindly given me by Professor 
6. Rose, who also permitted me to perform the process in his 
laboratory. The locality of the specimen employed was Wicker- 
stein, near Querbach, in Lower Silesia. Its colour was grejrish- 
black, and it contained pretty large crystals of augite, together 
with imbedded grains of magnetic iron-ore. The crystals of 
augite were easily distinguished from the basis by their higher 
lustire ; and were made particularly apparent on the decomposed 
surface, where die basis was rendered white and earthy by the 
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weathering, and was removed by the atmospheric water, while 
the imbedded crystals being belter calculated to resist such action, 
were not destroyed. The rock was compact, and the fracture 
uneven. Smoll fragmenta heated in a small glass retort, gave 
off water, which produced no reaction on htmus paper. The 
loss by heating amounted to 3.9S per cent. ; but in all the ana- 
lyses performed, the qnanlity of hygroscopic water amounted to 
nearly 1.25 per cent., fo that, after subtracting the last from the 
total loss by heating, the true quantity of water which can be 
calculated among the coaslituent parts of basalt is 2.70 per cent. 
After being heated the hssalt had an altered aspect : the basis 
became reddish, and the crystals of augite which had remained 
unchanged, had become very perceptible. The powder of fresh 
portions of this bas.ilt was greenish -grey, similar to powdered 
black augite: it formed with muriatic acid, in a short time, a 
perfectly firm jelly; and the same result was obtained with frag- 
ments that were heated and finely divided. 

With the magnet only an extremely small portion could be 
detached from the coarse powder, and this was perceptible in the 
form of a delicate covering on the edges of the magnetic bar. 
Thin splinters, held by platinum pincers, and acted on by the 
blowpipe, communicated a yellow tinge lo the outer flame, and 
were melted at the edges to a black obsidian-like glass. Some 
experiments proved to me that by the application of diluted 
muriatic odd, the basis or the gelatinizing component part is 
fully decomposed, while the magnetic iron is hardly at all acted 
on ; and that the augiiic portion itself, by long continued action 
of a concentrated acid, is partially dissolved. 

By means of muriatic acid of ordinary strength, the soluble 
portion was wholly decomposed. The Nlica was separated from 
the insoluble portion by boiling with a concentrated solution of 
carbonate of soda. An attempt to accomplish this in the me- 
chanical way afforded an unsatisfactory result. 

The course pursued in the analysis was such as is generally 
followed in the case of combinations which arc partially decom- 
posable by acids, and which on the other hand can be only de- 
composed into their constituent parts by fusion with alkaline 
carbonates. 
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The actual loss bj heating, after subtracting the 
water, can be assigned only to the basis, that is the gelatinizing 
portion ; for it is well known that the magnetic iron-ore and the 
augite contain no water. The iron contained in the soluble 
portion was considered in the calculation as a black oxide. 

In the investigation conducted in this manner, 6.0T75 grm. 
of basalt were reduced to the finest powder ; and of this quan- 
tity 8.8782 grm. were insoluble in muriatic acid. The soluble 
portion therefore amounted to 2.6993 grm. The silica amount- 
ed to 0.9465 grm. The alumina and oxide of iron were preci- 
pitated by ammonia, and separated by caustic potash ; the ala> 
mina was determined by means of carbonate of ammonia, while 
the oxide of iron was determined by succinate of ammonia, the 
former amounting to 0.7015 grm., and the latter to 0.S906, 
whidi, when calculated as black oxide, yielded 0.2805 grm. 
The lime precipitated by oxalic acid yielded 0.2546 grm., and 
the saline residue obtuned by evaporation to perfect dryness, 
was found to contain 0.3S67 soda and 0.0348 potash. 

Of the insoluble portion 2.428 grm. were fused with three to 
four times the w^ght of carbonate of soda. The silica thuis 
obtained waghed 1.165 grm. ; the alumina and oxide of iron, 
separated as above, amounted respectively to 0.221 and 0.401 
grm. (the latter considered as black oxide) ; the lime = 0.850 
grm. ; and the magnesia ascertained by means of carbonate of 
potash, as well as by phosphate of soda, gave as the amount 
0.815, including a trace of manganese. We have therdbre for 
the soluble portion the following composition : — 

Oxyiw. 
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Leaving out the black oxide of iron, which is to be r^arded 
as a disseminated magnetic iron-ore, we have the following pro- 
portions of the constituent parts : — 
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39.13 
SO. 00 
10,53 
13.93 



From this result we obtain the following Torinula : — 



- Si + 2A1S 



The gelatiniiing poriion is zeolitic according lo its chemical 
composition, but does not agree with any known Keoliie; ii ap- 
proaches most nearly lo the Thoiupsonite, the formula of which 
is probably — 

^\ > Si + 3A1 Si + 6H, 
but which exhibits a different proportion of the alumina to the 
lime and soda, and also a different quantity of water. It may 
also be regarded as a zoisite containing water, and in which a 
part of the iJrae is replaced by soda and potash. 
The non -gelatinizing portion contains — 



Silica, . 
Alumina, 
Protoxide of iron, 

Hagneaia and h trace i 



manganese, 1Z97 



3.70 

4.M 
CDS 



This analysis shews the composition of the augite ; but a for- 
mula cannot easily be deduced from it, and in this respect it 
agrees perfectly with the results obtained by Kudernatsch.-f- The 
examination confirms in another way what was apparent to the 
unaided eye. 

By calculating the composition of basalt from the first and 
Becond analyses, we obtain the following result: — 



' Id each uf tbe two rurmula: given in this page, the A and the H ought 
M bave a^ltional lines drawn through their centres, but we find that our 
types do nov ailnut of this. 

t P^gendarff'i Annakn, vaL xxxviL |j. 577- 
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From this no further conclusion can be drawn; but the pre- 
ceding analysis proves ihat ihe basalt from Wickcnstein is a 
compound of crystallized augile with a compact zeulitic sub- 
stance and disseminated magnetic iron-ore. Of these component 
parts there were cont^ned in the fragment analyzed : — 
Augite, . . . . bb-bS 

ZeoUtic mineral, . . • 39.81 

Magnetic iron-ore, , . . 4.61 

100.00 
The lava from Etna consists of a grey-coloured basis, in which 
are imbedded small greyish-white tabular crystals of a felspathic 
substance, blackish -green crystals of augite, and small grains of 
olivine. Professor G. Rose has determined this felspar-like por- 
tion to be Labradorite, from its re-entering angle on the most 
distinct cleavage faces, and from its being accompanied by 
augite. ' It occurs in the lava in large quantity ; the augite is 
found more sparingly, and the olivine is still less abundant. 
The lava is from the stream which in 1669 destroyed a great 
port of Catania; the portion analyzed van obtained from the 
collection of the late Professor F. Hoffmann. 

The decomposition of this lava was accomplished in the same 
manner as in the basalt. The gelatinized mass was to the un- 
gelftti[iized as 24.89 to 7-'J.ll. Repeated experiments convinced 
me that do loss of weight resulted from a long continued red 
heat i the external aspect remained unchanged. 



' Foggendarff't Annalrn, tqL xxxlv. p. 39. Ton Buch and Elie de Beau- 
mtot ai'e alio of opinion that the felipathic component part of thi« Uvb Is 
Labndorile, voL zxirii. p. 180, 
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The non-gelatiiiizing portion : — 
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The lava as a whole therefore coDtains : — 
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Remark! upon the Maculla Hot Spring in Arabia, together 
Kith amne NoU.i rrgardivg the Red Sea hlavds. By W. 
HiBBEBT, M. D,, Assistant- Surgeon of Sd or Queen's Royal 
Begiiiient.' 



The few observations treated of in the present coramiinica- 
tion, were made during a voyage to India by the overland 
route, and at a period when I was considerably pushed for time, 
—a circumstance I consider it necessary to mention, as it will in 
some measure account for the very superficial view I could 
only take of the country, my stay being then limited to a few 
days. 

The impresdon which instantly strikeB an observer upon 
entering the Bay, which is rather a auperior one, is the utter 
barrenness and nakedness, devoid, one might say, of every 
thing interesting, and moreover so sterile, that there abso- 
lutely does not exist suflicient herbage for a few sheep, those, 
as well as other domestic animals, being invariably fed upon 
animal food, and chiefly salt fish, a diet which, we well know, 
renders them by no means acceptable to an English palate. 
The effect of such treatment also, appears to affect their 
growth considerably, as few sheep in this quarter are known to 
exceed eight jwunds in weight. Proceeding, however, a few 
miles inland, some cocoa-nut trees sh'ghtly vary the scene, with 
also a few ruioed huts which present themselves, and some 
wretched watch-towers on the neighbouring hills. 

From this slight deviation, I shall now proceed to the more 
direct object of the communication, by giving a hasty sketch 
of the rocks in the neighbourhood, as also the properties of 
the accompanying water, which was taken, while warm, from the 
Maculla hot spring, and scaled immediately afterwards. 

The hills have rather a peaked form, and a structure chiefly 
amygdaloidal, with but scanty herbage, and this consisting prin- 
cipallv of the following: Senna, Cactus, Euphorbium, Indigo, 
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Lavender, Sec, and also in the valleys we obsorveil a few cul- 
tivated cocoa-nut trees and cotton plants, the latter the Goaxy- 
jnum hrrbaceum, being a diminutive and but inferior article. 
The former, I may remark, thrive particularly well around the 
hot spring, although it is not in the slightest degree brackish, 
and moreover is situated about three miles up the country, and 
perfectly sheltered from the sea-air. 

I never met with any fossil remains in the neighbourhood. 
The rocks u{x}n landing consist of a fundamental one of a green 
clay limestone, surmounted and continued along either side of 
the coast in a S.E. direction, and the superincumbent the same, 
with an amygdaloidal structure. Extending the walk farther 
inwards, beds of littoral alluvium were passed over, formed of 
agglutinated animal remains, as shells, corals, Sic. S:c., appa- 
rently of late date, and shewing here and there the latter rock 
beneath. Reascending, the former rock was again met with, 
and continued so far as tlie hot spring ; and on tracing the 
spring to its source, I found a subjacent compound fonnation '| 

of ochre, ironstone, and sandstone. I have little douht that > 

the spring passes over this formation and also across magnesian 
limestone, and tlius receives some impregnation from both of 
them. 

The surrounding hilU, which are numerous and similarly 
formed, appeared to me to be composed of like rocks, chiefly 
limestone, although, in the valleys, I here and there picked 
up small pieces of granite, syenite, Stc., hut which I think | 

must have come from a distance in the interior, as I never I 

traced any rock of that description in the vicinity. It is ' 

the water here alluded to, which, when cooled, is drunk by the h 

lutives, and notwithstanding its slightly magnesian and cal- ( 

careous taste, is rehslied, and is certainly by no means insipid. i 

I ascertained the temperature by the thermometer to be 98^°, '. 

vhen it issues from the rock, forming a very agreeable warn] bath, I 

much resorted to by tlie natives on this account, and amongst <i 

them adopted as a last resource in obstinate chronic diseases, \ 

particularly cutaneous, tedious cases of dysentery and fever, dis- . 

eases which are most prevalent in this neighbourhood ; in short, 
they have actually gone so far oa to build a reservoir for the \ 

purpose, at the bottom of which the thick calcareous deposit 
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which has taken place may be seen. I ascertained that hot 
springs similar to this, but which I had not an opportunity of 
visiting, existed also at a place several miles to the eastward, 
and also at Muscat, which is about IJ days' journey inland. 
As is usually the case, I think there can be little doubt aa to 
the existence, and that not very far distant, of some internal Sre, 
a circumstance which is in a measure supported by the know- 
ledge we possess of other parts of the coast,* as well as frmn 



a alluded to above refer to ibe known e 
reeentlj extinct volcano, and alao volcaiik remains in tbe soioU ialutdi and 
coral rocks, >o nunieroua and notorioualv dangerous on the Arabian side of 
tbeRnl Sea. 

Tbe most interestingof these, from the circumstance of its havinj; been seen 
burning so latp as 1833 and 1834, as well as being the Urgebt, is the island called 
Jtbe! Trir or Tor. At the time we saw it same amoke was visible, occaiioned 
by nilphureuua exhalations aimitar to those dailj occurring at Vesuvius, and 
•one of tbe neighbouring pbenumena, us Sul&tara,&c. It is composed of tn- 
dent as well as modem volcanic rocks, in some parts, having a etntified ap- 
pearuice, as if of la;rers of tufa and lava, and at the highest point wu an 
immense quantity of sulphur, wbicb hnd been thrown out at a somewhat late 
period. The summit contained a crater. 

Situated in a utill lower Utituile are the seven hills, or Jebal Sebar or SaiOf, 
bU equally of voJcanii' origin, uf ancient date, and forming some veij floe 
craters, one in particular, receiving the name of the basin island, fram )t« 
very perfect Ibrm. A few also are curiousfromtbeir precipitous appearance, 
and of course all of ancient volcanic rocks. In short, the only modern one in 
tbll respect is the Jehel Teir or Tur above mentioned. 

It may be remarked, that all the rocks in this sea shelve very precipitously, 
in many no ground being found at S40 falboms even at the eifge, tbua exem- 
plifying their perpendicular height. These are all vokanic, as also are all those 
from Jidda to the Strallst but above the former place, they are chiefly coral, 
jet equally precipitous on all sides. Arkeeko, N. Lat. 16° 33', K. Long. 39° 31', 
may be dted as an other inlereslLng remain, from the beautiful and tife 
haven it aRbrds, being a mere ring of rocks, deficient only at one small spot, 
Krving as an entrance to tbe 1>ay. 

It may hIhu be interesting to note, that many coral rocks occur in this quar- 
ter besides those in other places, quite close to what are undoubtedly volcanic 
Moreover, that an immense or even un&thomnble depth is equally found 
dose to the one as to the other, which circumstance would lead to the coo- 
tlusion of Its not being unlikely that what we call coral rocks, are merely io- 
CTUttations of corals upon volcanic rocks, which had never reached tbe aur- 

A circumstance, and in favour of the opinion of many geologists, perhaps it 
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t!ie ovidence of our eountryinnii Mr Wollf, Uil- AhyBsiiiinn tra- 
veller anil missionary, who, in his travels to Sonaar in Febru- 
ary last, mentioned to Die that he was told an active vulcHno at 
present existed about four days' journey from this very spot, 
The assertion, of course, originating with an Arab, is not to be 
hastily adopted; but, nevertheless, it would not Ih? aurpriiung, 
taking collateral circumstances into consiileration. Moreover, 
were not this the case, that is, their occurrence in on otherwise 
Don-vole^nic district, it is well known that some alst> are asso- 
ciated with (granite and other rocks, to which most assign an 
igneous origin, and consequently the same causes produce 
ntnilar effects. An excellent example of such is to Ite found 
in the upper part of the Jumna, in ihe now Agra Presidency, 
where the springs issue from rocks of granite with a tcmpe- 
mture of 194° F., and other similar instances in the same and 



nay not be trespBiMiig too far to take notice of here, that is, that in L^t. 18*, 
on the eait coast of the Ked Sea, there ia at present a coral rock 130 feet 
above Ibe nirfue, the very sumtnlt of vliidi, and the greater part of the 
llde, U crowned by corali upon a volcanic foundation, which one would cer- 
tainty imaglDe, and not iocorrectly, must have been raised by same eruption 
whilst the process of ir.cruitBtion by these snimala was going on, — an evidence, 
Boreover, which perfectly sides with the previous hypothesis, that almost all 
the coral rocks In this us ore Tormed upon, a similar basis. This,Iainaware, 
botjected to by many, who are of opinion that tbealtemate rising and falling 
of the sea Is amply sufficient tii account for such an occurrence, 

Now, thia rising and falllag of the sea cannot, in this cose, account for the 
pbsnotnenon in question, since in no quarter of the globe are we Bware of 
tbe tide rising to a height escsedlng 100 feet, viz. In the Ba/ of Funily, and 
even this is duubtDtl ; and here the highest is never known to reach one-half 
of tbe above. 

From this, therefore, we might almost come to tbe conclusion, that what 
•re denominated coral rocks here, and perhaps even in other pitrta of the 
globe, are in fact nothing more ihan the remains of extinct volcanoes, or 
other rocks Incrusled by these animals, and by degrees raised to their present 
beif^t, a nmmary which might probably be resolved into the four fotlowing 
■lagea, viz. Volcanic rocks nuked and above the surlace of the sea 1 the same 
naked above the surfice, Incrusted with coral below ; thirdly, incrustations 
below tbe surbce, upon a supposed volcanic basis i and, fourthly. Volcanic 
Kicki with coral incrustalions above Ihe surface. 

It may be stated, Ihat, for the fact above alluiled to with regard to 
ibe aoundlngs, I am indebted to the kindness of Lieutenant Campbell of 
H. E. I. C S. 

VOL. XXIV. so. xLVii, — jani;abv 1838. c 
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other presidencies might be cited. Now, the existence of 
similar rocks in this neighbourhood I believe I have abready 
alluded to, as also the proximity of extinct volcanoes, and con- 
sequently an intimation of a derangement of strata as an addi- 
tional evidence is imnecessary ; and even should none of these 
exist, there may be igneous rocks below the limestone, which, 
as I before mentioned, exists in great quantity, and so im- 
pregnates the various springs as to lead to the formation of 
stalactites, resembling exactly those at Enaresborough, and 
incrusting substances in a similar manner. Over and above 
this, as an additional proof, it might perhaps not be out 
of place to bring forward the origin of springs; from the 
circumstance of fresh-water occurring so near its source, the 
ocean, where so very little humidity in the atmosphere is 
known, shewing that filtration, capillary attraction, or some sub- 
terraneous heat causing it to rise in vapour through fissures, 
collect and issue in springs (which is the most probable and 
certain), is the cause of this purification of the water. Strong 
objections, and amongst these Dr Halley'^s stand prominent, 
are, I am aware, started against these theories, such as no up- 
ward filtration or current by capillary attraction, and so on ; 
yet the latter, by collecting in cavities, might at least be suffi- 
cient to produce intermitting springs. The last theory, how- 
ever, upon the whole, is the most probable and likely, and only 
allows of one objection, viz. the ceasing of springs on some oc- 
casions in dry weather ; yet, I would not be understood to say 
all are produced fix>m the sea, but that many, very many, must, 
and are to be accounted for in that way. Neither do I con- 
ceive all cases equally apply to that of Dr Halley, that is, rain 
falling on higher ground, filtrating and issuing at a lower level, 
as if so, how account for springs and a permanent flow of such 
on or near the summit of hills where neither rain nor clouds 
are known, as in Upper Egypt ; or how, for the but slight 
brackishness, if no effect from either filtration or internal heat, 
the former of which, I am of opinion, must also have some effect. 
This one might attempt to account for by saying, as is said in 
dry weather, that the water collects in underground caverns, 
and filtrating slowly, gets into the springs. But one naturally 
asks, from whence the water to fill these caverns is derived ? not 
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from the clouds, nor ^el rain, as the atDiosphcre t.-onUina none ; 
nor yet can we plausibly refer it to the Nile, as between thi^ 
spring, which is nearer the sea, and the above river, there are 
brackish as well as other fresh-water springs therefore, only 
from the sea itself, and tiiis issuing through igneous rocks, 
which is actually the case, is purified, and that by the sub- 
terraneous heat assisted by filtration, whilst the former pass 
tfirough Neptuncan rocks ; occurrences which one would at 
first be apt to consider as decisive. Indeed, it only remains to 
shew, whether rock-salt, fifc. exist in this neighbourhood (near 
Kenek), to set the point at rest, but the presence of which, 
being rather pusiied for time, I never was so successful as to 
lucertain, and therefore must leave it for some future traveller 
to determine, as well as intrust to some ingenious chemist tlie 
analysis of the accompanying mineral water, since my present 
Station is very far from affording me the means of conducting 
scientific investigations. 
BoitBAT, lUag 1037. 



On the Faiiacies of the Rotatory Steam-Engivc* By John 
Scott Russell, Esq., M.A., F.R.S. £d.. Lecturer on Na- 
tural Philosophy. 
It has been represented to me by the Secretary, that the ob- 
jects of this Society will be materially promoted by any disqui- 
ntion in which the fallacious views that are sometimes enter- 
tained upon imijortant mechanical subjects shall be clearly ana- 
lyzed, and the errors pointed out into which the authors of 
nippised improvements have been drawn, either by reasoning 
Accurately on false grounds, or making erroneous deductions 
from established principles. I feel it, therefore, to be my duty 
to make such contributions to the efforts of this most valua- 
ble Association, as my humble abilities enable me to produce ; 
and I have selected for this purpose the Rotatory Steam-En- 
gine, as a subject upon which erroneous views are widely pre- 
Talent, upon which much ingenuity and mechanical skill is 
e\'ery day expended, and which belongs to the same category 
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i»f fallacies to which the Quadrature of the Circle and the Per- 

petual Motion have long l)eon assigned. 

To any one who compares the state of the Mechanical Arts 
in Greet Britain at this instant, with their condition at the com* 
mencement of the century, the progress of these arts will un- 
doubtedly appear more rapid in their approach to perfection, 
and more extensive in their range of application, than during 
any former period in the history of civilization ; but if he will 
direct his attention more closely to these wonderful effects, and, 
looking below the surface of events, will examine into their 
causes, if he will consider how large and wealthy a portion of 
our population have directed their whole talents and energies 
solely to the purpose of attaining perfection in these arts, he 
will be disposed to question whether the results have been at 
all propoiTioned to the means, and whether by such mighty in- 
terests judiciously directed, more would not have been achieved, 
had these resources been devoted exclusively to legitimate pro- 
blems of real improvement, instead of being expended on the 
ignes fatui of mere visionary speculations, and had the talents 
which have been permitted to deviate from their proper chan- 
nel been devoted to such ends only as ihould permanently be- 
nefit society, and form decided steps in the advancement of ci- 
vilization, or valuable additions to the truths of science. 

To direct the enterprise and resources of one part of this em- 
pire into the legitimate avenues of valuable improvement, and 
to afford the means of distinction and encouragement to thfr 
mechanical talent of Scotland, is the object of this Society ; and 
when I reflect how many men there are, even within the limited 
sphere of my acquaintance, whose inventive genius is of the 
highest order, and whose labours are yet abortive, I cannot but 
feel convinced that there must be either a misapplication of ta- 
lent to objects which others with better opportunities, and pos- 
segsed of peculiar advantages, have better accomplished, or a mis* 
direction to subjects cont^ning in their own nature something 
either impracticable or impossible. Were it possible on the other 
hand, for such men to unite their exertions for promoting the 
real advantage of society, and were every individual, by a proper 
division of mental labour, to direct his mind to the object most 
congenial to it, I cannot imagine but that, with such means 
> directcii, changes and improvements in the state of the arts 
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Would be pnxluced in this country much more rapid and asto- 
nishiag than all that we have already witnessed. 

I am led to make these general remarks by their applicability 
to a series of inventions which have successively apjieared un- 
der the generic appellation of Uolotury Steam-Enginea. Their 
principle has assumed various forms and modifications, and has 
Beduced, and still continues to sedu<,i?. many a bright genius from 
the straight path of useful industry and accurate invention. I 
have the pleasure of personal acquaintance with several men of 
eminent talent, who have sacrificed the energies of great minds 
to this ruinous fallacy. With one or two, my arguments have 
been successful in dissuading them from a pursuit sure to end 
in disappointment, but there still remain others of them, and 
many beyond the sphere of my knowledge, of whose talents and 
exertions the world is still deprived by iheJiiUaden nf'tlu ro- 
tatonf stea7»-£ng\iie. 

It is the object of this paper to shew that the whole princi- 
ples of the rotatory engine, as an improvement upon the com- 
non reciprocating engine, whether condensing or nonconden- 
ling, is radically false, and mechanically fallacious : that it is 
^se in its mathematical principles, fallacious as a mechanical 
structure, and can never be attended with any mercantile advan- 
tage in its application ; and thus to dissuade men of mechanical 
talent from devoting themselves to so unworthy an object. 

Before requesting acquiescence to be given to me on any opi- 
nion so decided as this, I ought to premise, for the purpose of ob- 
taining the confidence of practical men, tliat, although the views 

hich I am about to develope were first suggested to me in the 
course of an investigation where I found it necessary to bring the 
battery of the higher analysis to bear upon this subject, and em- 
ploy the powers of the calculus to raze the foundations of preva- 
lent error in the steam-engine ; yet, as such men are apt to use 
(he word " practical experience," a.« antithetical to scientiHc skill, 
I ought to mention that, during the last ten years, I have been 
itJnually engaged in the practical solution of the most difficult 
problems of the steam-engine,— that I myself invented, and had 
eoDstructed for me, several rotatory engines, which wore suffi- 
ciently successful to convince mo liiat Uie principle^ and not the 
e application I had made of the rotatory principle, was ra- 
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dically wrong. I have also had the opportunity of examining 
and working the most successful engines of this kind ever pro- 
duced, and therefore conclude that had theory never led me to 
any such result a priori^ I must have been convinced that prac- 
tical experience was opposed to the rotatory construction of the 
steam-engine. In what follows I shall endeavour to adduce my 
arguments in a form as little technical as is consistent with' pre- 
cision. 

1. It is first of all my wish to shew that the subject of the 
rotatory steam-engine is not so new and untried an invention 
as some who attempt the problem for the first time may be led 
to imagine ; — for this purpose I adduce the names of more 
than ninety inventors, most of them patentees. 

S. By an arrangement of these inventions, I have endeavoured 
to shew that^v^ dlfferetit classes comprehend them aU^ and 
that the others are mere repetitions of the same principle, and 
attended with the same failure ; so that an inventor may know 
whether his invention contains an entirely new principle, and if 
it do not, that it has already been tried and failed. 

3. By shewing, in one view, the names of inventors of unsuc- 
cessful rotatory engines, I endeavour to convince the inventor 
that the five classes already invented have notjhiiedjrom wani 
qfgeniuSj sJciUj or practical experience^ in those who have made 
the trial, for the list contains the names of eminent practical men. 

4. I endeavour to shew that the ordinary crank-engine does 
not possess the defects attributed to it, and which it is the sole 
object of the rotatory engine to remedy, — that the use of the 
crank causes no loss of power. 

5. In a practical point of view, the rotatory engine is every 
way inferior to the reciprocating engine ; — in simplicity, and 
cheapness, and ease of construction, — in durability and economy 
in use, — in uniformity of action and equable motion. 

6. The rotatory engine is peculiarly inapplicable to the great 
purposes of terrestrial locomotion and steam navigation— -ob- 
jects to which it has been considered peculiarly suitable. 

7. That the present steam-engine is practically perfect as a 
working machine, being within ten per cent, of mathematical 
perfection. 

8. That the crank of the common steam-engine possesses cer- 
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tail) remarkable propert'ua of aclaptulion to ilie nuluru of m&U 
ter, of motion, of steam, and the human miad ; from which its 
supremacy as nn elementary machine is derived, — properties 
which cannot possibly belong to any species of rotatory engine. 
The common or reciprocating steam-engine is distinguished 
from the rotatory steam-engine by the nature of certain parts 
of its mechanism, which convey the motion of the steam to the 
machinery which is to be moved. There are a cylinder, a pis- 
ton-rod, and a crank-axle. Now the root of the whole of the 
fallacies of the rotatory engine will be found in certain radical 
misconceptions of the nature of the crank, as the simple ele- 
mentary instrument by which the revolving motion of the axis> 
or great wheel of the steam-engine, is immediately produced. 
Nothing can be simpler than the crank. We wish to turn an 
axle round ; we bend a part of the end of it at right angles to 
itself; we take hold of this end, and by this means turn round 
ihe axle. The bent part is the crank, and may be seen every 
day in winding up a clock, or in turning any wheel on its axle, 
by holding a spoke ; likewise in the handle of a coffee-mill, at 
Ihe top of a draw-well, or in the handle of any winch or crane 
for raising weights. Noiv, in the same manner as the hand of 
the operator takes hold of the handle, and, by drawing it to- 
wards bini or pushing it from him, makes the axle or wheel 
turn round, — so does a rod from the piston of a steam-engine 
take hold of the end of a crank, and alternately draw and push 
it round in its circle of revolution. The crank is indeed so 
■implc that it can scarcely lie called an addition to the axle of 
vbich it forms a part ; it is merely a bend or vrook in it, which 
the word cravk originally implies, and has been u.sed to move 
the pistons of the cylinders of common pumps, since the days 
of Aleolti, in |lrecisely the same way as it now moves in the 
Bteam-engine. Now, it is owing to a radical misconception of 
the nature of this elementary machine, that hosts of scliemes 
bave arisen for the production of circular motion, without the 
inter\'ention of the crank, either by giving to the steam itself 
an immediate circular action, or by the substitution of some 
i>tber less elementary mechanism, between the reciprocating 
piston and the revolving axis, as the means of pnxlucing its ro- 
tation. In the rotatory engine, on the other hand, the cyUn- 
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tier, piston, rod, and cranked axle arc superseded. Id the most 
common fonn, by a cylinder, valves, stop, and axis. In the 
same way as a mill-wheel is compelled to move in 8 circle, 
cither by the direct action of water or wind upon it, so is the 
drum or wheel, with valves, fans, or other projections on its 
circumference, urged round by the force of the steam, and, en- 
closed in an outer cylinder or case, gives revolution to an axis 
to which it is attached. This direct rotating action of the 
steam will, it is imagined, give out its etfect more powerfully, 
uniformly, and economically, than the common mode of reci- 
procating action, when converted by the crank into revolution. 

Rotatory engines may be arranged according to the mode of 
action into four classes. 

Class I. — Rotatory engines of Simple Emission. 

Class II. — Rotatory engines of Medial Effect, 

Class III. — Rotatory engines of Hydrostatical Reaction. 

Class IV. — Rotatory engines of the Revolving Piston. As 
closely connected with the rotatory engines in the fallacy 
which has given rise to both of them, we may add a series of 
inventions forming a 

Class V,— Revolving Mechanism substituted for the Crauk. 

Class I. — The rotatory engine of Simple Emission forms tlie 
earliest, as well as the most rude and elementary method of 
giving motion to mechanism, by the escape of vapour or steam. 
It is described by Hero of Alexandria, in his PneuTnoHka, up- 
wards of 120 years before Christ, and depends, for its effect, 
upon the same principle which gives to a rockL't its career, and 
makes a fire-wheel revolve in giving olF its beautiful lights. In 
these, as in all instances where fire, or steam, or any Ruid or gas 
is generated in a chamber from which it is permitted to issue 
with violence, it will, in its exit, drive the vessel from which it 
issues away from it in the opposite direction, and is, in fact, 
merely an application of the principle of recoil, — where the gas, 
generated by the explosion of the powder, urges the ball out- 
wards in one direction, and forces the breech of the gun back- 
wards in the opposite one. The same recoil is fell in all cases 
of simple emission of a fluid from a reservoir ; and if it be so 
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arranged that water, steam, air, or the gaseous productions of 
gunpuwder, shall ru§h out of a chamber through the arms of 
a revolving wheel, the openings of escape being properly di- 
rected, the recoil will urge round the wheel, and we siiall have 
a revolving engine of Simple Emission. By availing himself of 
dii.s pnnciple, the Machinist of Alexandria produced an cflicienl 
engine, merely by heating a vessel containing water and air, 
and allowing the vapour to rush from two opposite orifices at 
the end of two arms proceeding from a sphere which the emis- 
uon was employed to move. 

Instead of using the principle of recoil, the force of steam 
issuing with violence as we see it from the mouth of a kettle or 
boiler, may be directe<l upon the vanes of a wheel, so as to blow 
them round ; and thus we have a second variety in the manner 
of converting the simple issue of steam into a moving power. 
This second species of the rotatory steam-engine of simple emis- 
sion was invente<l by Branca in 1629. 

Since that time the engines of this class have been frequently 
re-tnvented and slightly modified. 

bwetUoTS of Rotatory SUam-EnginM of the First Clasa. See PI. I. 

Figs. 1-a 
I. Hero Qf Atexuidrin, B. C. 130. 5. Kempel. A. D. 1785. 

S. Bruica, . A. D. 1629. U. James Sadler, ... 1791. 

9. Kircher, ... 1643. 7- Richard T rev ithic, ... IS13. 

4. DulMme, ... 1699. a Aleiuider Cmig, ... 1S3«. 

The theory of machines of simple emission has been frequent- 
ly and fully investigated, and the result is, that there is no pos- 
sibility of obtaining, by simple emission, more than one-half of 
the whole power of the steam, so us to make it available to use- 



ful mechanical effect. The other half is wasted in 
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its impulsion to the air, or is expended in a current equally 
unavailing. 

Practical experience corroborates the predictions of theory. 
Smeaton and Pelletan made the machines of simple issue the 
subject of careful experiment, and found that S parts out of 
11, 8 parts out of 27, and 2 parts out of 5, are the highest 
measures of practical effect that it has been found practicable 
to attain, and by no possible improvement can more than one- 
half of the whole power be turned to a useful effect. 
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Class II. — Rotatory engines of Medial Effect are those which 
do not immediately give revolution to an axis by the action (rf 
steam upon the wheel, but have a medium of communicoiion 
between the power and the effect, which medium is the direct 
agent in circular motion. This class of engines will be well 
understood by taking as its type any simple steam machine, 
such as Savary's and Newcomen\ used for raising water, 
which water by falling on the floats of a common mill-wheel 
will then give rotatory motion to it. The engine of Savary 
raises water by pressing directly on its surface, and it is only 
necessary to allow this water to fall on a wheel, when it will be 
made to revolve and form an engine of the 2d class. 

A variety of this class has been invented of which the fire- 
wheel of Amontons is a type. The stream pushes water through 
certain channels that form the arms of the wheel, from a set of 
chambers on one side of the wheel, to a corresponding set o£ 
chambers on the opposite ; and thus the side filled with water 
preponderates over the other, and the wheel revolves. The 
water being constantly driven off by the steam from a given 
side of the wheel to that opposite, uniform revolution is the re- 
sult of the weight of the water. In this state, although steam 
is the agent, water is the medium of communicating the rotar 
tory motion. See Plate I. Fig. 11. 

Solids have also been made the medium of effecting rotation 
in this manner ; weights of solid mater, in the form of pistons, 
have been transferred by the force of steam to a considerable 
distance from the centre on one side of a wheel, and drawn 
nearer to it on the other side, so as, by bringing about a oon^ 
tinual preponderance on one side, to effect revolution. Watt 
and Witty have designed rotative mechanism of this nature. 

Inventors of Rotatory Steam-Engines of the Second Close. See 

PL I. Figs. 1 1-20. 

1. Guillaume Amontons, A.D. 1699 6. Richard Witty, A. D. 1810 

2. Leopold of Flainitz, ... 1723 7* Sir W. Congre^e, ... 1818 

3. Champion of Bristol, ... 1762 8. John Moore, . ... 1820 

4. James Watt, ... 1709 9. Sir W. Congreve, ... 1821 
d. Davidson & Hawkesley, ... 1793 10. Thomas Masterman, ... 1822 

In this class of engines the loss of effect is manifest, for it is 
necessary that the steam, in order to produce circular motion. 
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shall give out its force in setting thp medium in motion, and 

ID overcoming the very great resistance of the liquid in all the 

fnpea, passages, and valves through which it is transmitted to 

^temale sides of the wheel in every revolution : the whole of J 

B force is subtracted from useful effect, and becomes power ■ 

t. ^ 

In those which move weights from and towards the circum- 

rence, there are mere groups of reciprocating pistons without 

ranks, and share the evih to be explained in Class V. ; in fact, 

I the engines of Watt and Witty of this class, we have a leria-J 
t reciprocating engines ranged round a wheel to do the worktV 

me. « 

*• Id the case of the fluid medium, we have not only a loss o^fl 
tft the power expended in moving the medium itself, but also^fl 
!be additional loss of effect encoimtere<l in all modes hitherto I 
Idopted for applying a fluid to the rotation of a whcc), a loss,' I 

II the best examples ever presented, amounting of itself to*! 
■ore than one-sixtli part of the power. ^ 
^ Class III. — The Engine of Hydrostalical Beaction is mors I 
ifibctive than either of the former classes. As invented by Watt ^ 
M 1769, it consisted of steam-vessels in the form of hollow rings 

Ir circular channels, with proper inlets and outlets for the 
■team, mounted on horizontal axles, like the wheels and buckets 
|f a water-mill, and whoUy immersed in some fluid. This 
^eel was made of iron, six feet in diameter, and the reaction 
If mercury was employed to give revolution to it ; the engine 
jtoved, but was found to be inefficient and abandoned, al- 
Ibough it had been tried in very favourable circumstances. 
* The principle of action is this : Steam is admitted into a cir- 
feolar channel or chamber on the circumference of a wheel; this 
llfcaniber is partially filled with some liquid, the pressure of (he 
Heam is expended in pushing the mercury in one direction^ 
tod the end of the chamber in the opposite way, so that whi~ 
be liquid is thus forced out of the chamber, the chamber is b 
equal force pushed away from the liquid ; the wheel is thufil 
let! round. 

apparent that a part of the force is employed in pnh.1 

the wheel, and the remainder is expended in ovi 

tbe resistance of the liquid of reaction, and expeUing k | 
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from thi> chambers, which remainder is a large portion of the 
power withdrawn from iiBft'ul effect. 

Inventort of Rotatory fy'team-Etitjines of Third Clots. See PI. I. 

Figs. (21-30). 
Jsnies Watt, A.D. 17B:t. Bryan Donkin, A.D. ISUS. 

Class IV. — Rotatory engines, havinj^ a Revolving Piston, are 
constructed on a much better principle, and hold out much 
Tairer prospects of successful competition with those having the 
ordinary reciprocating piston, than any uf the species uF the 
three first classes that have been already considered. In these 
classes the steam is not confined in rigid vessels, hut its action ii 
applied to producing currents in fluids, and force is expended 
in medial effects which are useless, and therefore waste power. 
This is not the case in the steam-engine of the revolving piston. 
The steam is confined in a close and rigid chamber, and acts 
only on a solid inflexible surface, and makes its escape by con- 
fined passages, so that its full effect may be obtained in useful 
work. Abstractly considered, it is an engine capable of giving 
out the full power of tlie steam, and therefore may fairly be 
imagined to come into competition with the ordinary recipro- 
cating crank engine. The objections to it are entirely of a 
practical nature, and regard the engine not in its abstract ma- 
thematical form, but as a macliine made of destructible matter, 
of matter imperfectly elastic, of surfaces opposing resistance to 
motion, of matter obeying the known laws of motion and rest. 
These objections are not tlie less valid tliat they are of a sensible 
and tangible, rather than a speculative description, But as a 
natural consequence of the more plausible deceptions held out 
by this species than by any of the three preceding ones, it has 
followed, that the fallacies of this class have been more widely 
seductive than any of the others. The Palenl-ofEce presents 
us with the names of more than forty victims, including some 
of the highest fame. 

Inventors of Rotatory Steam-Engines of tlie fourth Class. See 

PI. I. Figs. 31-80. 
I. Jitme* Watt, A. D. 1763 4. Edmund Cartwright, A.D. 1797 

I Junes Cooke. ... 1717 6. Jonathan Hombbwer, ... lAOS 

3. Branub & Dickinjoii. ... ilOu 6. Willi am Murdoch, ... mo6 



r 
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^. J(nialhanHon>blower,A.D.IIIoe 


27. I*rd CuchniBC, 


A.D. 1B26 


a John Trotter, 


.. 1805 


28. L. M. Wright. 


... leaj 


9. Andrew Flint, . 


.. IROG 


39. F. Hallidar, 


... 1MB 


10. WilUam Lester, . 


.. IBOd 


M. Joseph £vc, 


... 18» 


Jl. mhard Wilcox. 


.. 1806 


31. JohnCoBligin. . 


... 1828 


IS. Thomu lUiwi, 


.. lOOS 


33. Marqulo Ae Conibia, 


... 1820 


IS. Edward J.ne, 


.. iHoa 


33. Klljah Galloway, 


... 1838 


14. Sunuel Cl^Tg, 


.. 1803 




... 1827 


16. yfmnta Chnpman, 


.. 1810 


as. John Evane, 


... IB28 


16. Joha Trotter. 


.. 1611 


SB. John Strut, 


... IBSO 


17. WlUiaiu Oniana, 


.. laii 


3J. F, and J. Dakdgne, 


... 1830 


IB. Bfchird Trevithic. 


.. 1813 


aa WmUm Mot^n, 


... 1831 


19. Joseph Turner, 


.. 181C 


a.1). Samuel Hobday, 


... 1831 


flO. .Tohn Matkm, 


.. I81S 


40. John Erricson, 


... 1832 


SI. Imham lloutlalge, 


.. laiB 


41. Robert Stein, 


... 1833 


n. WilliMB. Carter, 


... 1818 


42. EUjah Galloway. 


... 18U 


23. John Rider, 


.. 1820 


43. Edward Applt-by, 


... ie3n 


S4. Robert DeUp. 


.. leai 


44. John F. Kinaston, 


... 1835 


K. BambridReand Thayer 


... 1821 


46. John Yule, 


... 1838 


«. WmUm Foremim, 


.. 1824 


48. John White, 


... 1838 



The fallacy of this class of engines we shall expose in con- 
junction with the next class, its the same misconcepdoDS lie to 
a conaitlerable extent at the root of both. 

Class V. — Revolving Mechanism suhstitutetl for the crank 
of the common steam-engine, for the purpose of obtaining from 
the reciprocating piston a rotatory effect otherwise than by the 
crank, and in a better manner than by the crank, forma a class 
of inventions involving fallacies similar to those in which the 
revolving piston has originated. These two may therefore be 
considered together. 





Crank. 




See PI. I. F 


gs. 81-110. 
13. Edmund CarHrri({h[, 








1737 


1801 


3. Keane Fitzgerald, 




1757 


14. MMtliew Murray, 


1803 


8. Gautier of Nancy. 




17S7 


16. Richard Witty, 


1811 


4. John Stewart, 




176U 


la J. Dawes 


1818 


& Dugold Clnrke, 




1789 


17. Tobias Mitchell, 


1817 


6. Matthew Washhorough, 


1779 


16. Henry Fenneclc, 


1820 


7. Jamea Walt, 




1781 


17. William Aldersey, 


1821 


Sl Tbninax Burgcaa, 




1789 


20. Robert Barlow, 


1827 


9. MatlheW Murray, 




1779 


21. Thomas Peck, 


1M7 


10. WilUam Lander, 




1790 


22. Samuel Cl^g. 


1828 


11. Fbineai Crowlher, 




1800 


23. William Lucy, 


IS36 


It. Geot^ Medburxt, 




1801 


24. Charlea Schafbautl, 


1838 
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Although the name of Watt has been included in this list of 
inventors of substitutes for the crank, it should be observed, 
that he was only driven to the invention of such a substitute 
by the circumstance of a pat^it having been previously obtain- 
ed for the crank in its simple form, and that he abandoned his 
beautiful, but more complex, mechanism on the instant that 
the elementary crank was released from the fetters of monopoly. 
It is also due to his memory to say, that the sun and planet 
wheel he substituted for the crank, is a disguised crank, and 
possesses all the valuable properties, excepting simplicity and 
smallness of friction, which give to the crank its present emi- 
nence as a source of rotatory effect Although, therefore, he 
was an inventor of rotatory mechanism, he is by no means to 
be regarded as a victim to the fallacies of which other substi- 
tutes have been the offspring. 

In exposing the nature of the fallacies of the two last classes of 
inventions, we shall avail ourselves of the accounts of their mis- 
conceptions on the subject of the common reciprocating crank 
engine, which formed the ground of the preference given by 
the inventors of these improvements to their own mechanism, 
as these conceptions have been given by the inventors them- 
selves, and those who have adopted their view of the subject. 
Fortunately for us they have been particularly full in explain- 
ing their views. 

Thomas Masterman of Ratclifie, patentee of a rotatory en- 
gine says, in recommendation of his engine — 

^^ The importance of an effective and economical rotatory 
steam-engine will not be controverted, when it is recollected 
that the steam-engine on the reciprocating principle absorbs 
about half the power qfiJie steamT" 

" William Aldersey of Homerton, in the county of Middlesex, 
gentleman,^ in his patent substitute for the crank, observes that— - 

'^ The object of this invention is to equalize the motion, and 
principally to save ih^ force which is unnecessarily thrown away 
in steam-engines, and all other machines in which a recipro- 
cating or backward and forward motion is converted into a cir- 
cular one ; and the simple manner in which it is here effected, 
will, it is presumed, be found a great desideratum by all who 
have occasion to use such machines, since a saving of power is 
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a pecuniary saving of coals "'lii^lii i" the L-ttnsiant use of u 
machine, is of mucli more importance thaii its Eirst cost. That 
thin saving is really effected in the present m&clune, will be suf- 
ficiently evident to those who possess mechanical knowledge ; 
«nd for the conviction of those who do not. I have subjoined 
the diagram by which the action of the ordinary crank may be 
demonstratet). If the crank rod be so placed as to act either 
ftoro above or below, it will have no jiower at all (figs. 1 and S.) 
ttitum the crank round, while it is, ineither uf the two situutions 





where the crank and rod are in one line, as at A and B, but 
it will have the greatest possible power upon it at those instants 
whea it is at two other intermediate points (M and N, figs. 
ft and 4), the consequence of which is, that while the power 
forces the crank to revolve, it increases in the first quarter re- 
volution from zero to a maximum, and diminishes in the second 
quarter from the maximum to zero, and so on for each half revo- 
lution. The loss of power attendant on the use of the crank, is 
fiiund in figures to be nearly one-third of the whole." 

Mr Aldersey expresses clearly the sentiments of a host of in- 
ventors, all of them pursuing the main object of doing away 
the imaginary toss of power occasioned by the crank. I am 
■orry to add, that some eminent standard writers on the steam- 
engine have advanced the same doctrines. 
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I shall now, ihen, proceed to shew that the pressure ]>nM]ticet) 
by the ci'aiik is itot a loss of dyDamicol furce ; that, where the 
apparent loss is greatest, there is no loss at itll, and that lit every 
point, the effect produced is directly proportioned to the quan- 
tity of steam producing it. 

Let it be recollected that at the two extremes of the line of 
the centres, the greatest apparent loss of force takes plsre. 

But is it Dot seen that at this instant there is in reality no loss 
at all, because there is no expansion of steam, no consumption 
uf the elements ? The supply has been closed, the communica- 
tion with the boiler iii cut ofl', the steam has done its work, and 
only waits to be dismissed from the chamber, which it leaves 
on the instant that the eductive valve is thrown open for egress, 
and access is given to the fresh supply which is forcing its way 
inwards to the other side of the piston. 

The entering steam finds the piston almost in contatit with 
that end of the cylinder at which it enters. It insinuates 
itself into the vacant disk, and powerfully expanding swells 
out its thickness, propelling the disk of the piston towards 
the other end of the cylinder. At first its progress is but 
slow ; it gradually accelerates till the piston reaches the 
middle of the cylinder, when it moves with the full velocity 
of the crank in the centre. But, as the motion of the piston 
must altogether cease on arriving at the end of the cylinder, it 
is prepared for this event in a manner most exquisitely beauti- 
ful ; for, from the moment of reaching the point which is half 
way from the end of its course, the piston begins to be retarded, 
the steam expands more and more slowly, the final stoppage \s 
gradually prepared for, and at last the rectilineal motion having 
dwindled to nothing by insensible shades, altogether ceases; 
the steam has expanded by a continually diminishing movement 
and now ceases to produce any effect, and is relciised from its 
confinement. Such is the history of the elemental power in its 
transit through thecylinder, first communicating motion to the 
piston by gradually increasing increments, and then bringing 
it to rest, by decrements of motion, in the inverse order. 

Let us now trace, with equal minuteness, the simultaneous 
phenomena of the point, which, by its connection with the pis- 
ton, is carried round in the circumference of a circle, while ila 
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mover progresses in its reciprocal atrokca in the cylinder. How 
u tliis gradual change from rest to motion, and from motion (o 
icst, to he rendered consistent with uniform motion communi- 
cated to the crank in its circle ? it is not only consistent with 
it, but consequent upon it. It is to this very graduation of rec-* 
tilineal motion, that the uniform circular motion contributes, 
and it is with such alone tliat it could be any degree consistent. 

To trace the simultaneous positions of the point describing the 
circle of the crank, an<l the point describing the straight line 
in the cylinder, it is necessary that we have recourse to a simple 
dia^am. You are requested to conceive a circle with its centre 
and radius placed at a given distance from tlie end of the cy- 
linder, so that a piston moving in the given straight line of its 
piflton-rod, at a given distance from it, is so connected with it 
that the motion of the one produces the motion of the other. 

Let Fi^ 5 and 6 represent a cylinder, and the Circles 1, 5, 
10, 15, and SO, the path of the crank, the numerals on the cy- 
Fie- 6. Fig. 8. 




,T^ 






^, 
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Under and on the circles representing corresponding places of 
the crank and the piston at given instants of time. In Fig. 0, 
the motion of the crank is supposed uniform, and the circle di- 
vided into equal parts, while in Fig. 6 the axis of the cylind»- 
lupposed to be divided into equal parts to represent a hypo- 

TOt. XXIV. NO. XLVII JANITAKY 1S3S. 
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tbetical dase of unifonn redfrnKating motion id the piston; so 
Aat the piston, when elerated and de|H«8sed by die steam^ draws 
the crank down with it from A to B and C^ and raises it up 
with it from C to D and A. Let the cnrbit of the crank be di- 
vided into twenty equal parts^ the first ten numerals being 
placed on the descending side, and the other ten on the ascend- 
ing side of the circle. Let the length of the stroke of the pis- 
ton, which is equal to the diameter of the circle, be divided 
into ten parts, rfiewii^ the place o{ the piston at every instant 
c£ its stroke, contemporaneous with the points of the crank in* 
its orbit ; the first ten numerals corresponding both in the 
circle and the cylinder with corresponding points of redproca- 
ticxi and of revcdution. 

Now, at each ot these points, let us examine into the rdatbn 
which exists between the pressure of the steam on the pistoa 
and the quantity of the efiect produced in revolving the crank, 
and that part of the pressure of the steam i^ch produces no 
motion, and which is therefore erroneously said to be lost. The 
pressure of the steam acting obliquely on the crank produces 
two effects ; — ^pressure towards the centre through the crank, 
and motion in the direction of the cirde tangcntically. See 
Figs. 7 and 8, in which the arrows placed as tangents repre- 

Fig. 7. Fig. a 





sent efiTective rotating force, the vertical lines the power of the 
steam, and the lines directed to the centre the apparent loss. 
Let the whole pressure of the steam be taken at 100 lb., then, 
by ascertaining the proportion which the lines a, 6, and c, in the 
direction of those parts bear to each other, it will be seen that, 
at the first division, the force in the direction of the circle is 
only SI per cent, of the force on the piston ; at the second 
division it will be found to amount to (58.78) 59 per cent ; 
at the third to (80.90) 81 per cent. ; at the fourth to (95.11) 
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95 per ccnl, ; and at the fifdi divi-iion, having completed one 
quarter of a revolution, the pressure is for an insLuit equal to 
100 per ceDt., or the whole power on the piston; but the action 
has now become a maximum. lu its next point a diminution of 
circular force takes place : at the sixth division the force has 
liimiiiished by 5 per cent. ; at tlie seventh 10 per cent, are lost 
(apparently) ; at the eiglith 41 per cent. ; at the ninth 69 per 
per cent, are lost ; and at the tenth the piston has reached the 
end of its stroke, and the whole pressure applied to the crank, 
in tliis position, would produce no effect at all on the circular 
orbit, or the apparent loss would be 100 per cent. Equal 
diminutions take place through tlic remaining semicircle during 
the reluming stroke of the ascending piston. 

The following table of the part of the power directly avail- 
able to tlie production of circular motion at ten points in tlie 
eeinicircle, may therefore be found. 
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.10.90 


3.231 


10 ... Ill 


180 


Menu 03.138 


Infinite- 



Such is the reasoning by which, with apparently correct 
steps, many have been led to the conclusion, that, in the crank, 
the mean effect is less (by more than one-third) than the pres- 
sure exerted in the cylinder by means of the piston. 

I have gone into an analysis of this false reasoning the more 
fully, as it puts more perfectly before the mind of the reader 
the circumslances in which the error of the conclusion lurks in 
concealment. I shall proceed immediately to lay open the 
source of error, and the means of arriving at the truth. 

Let it then be recollected, that, in all calculations of power, 
we must attend to spcKe passed over, as well as to the force 
«xened in that space. And that a force of tmi pounds, moving 
ight of two pounds tlirough three feet a second, is equal in 
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effed to a force of three pounds moving a weigbt of three 
pounds through a space of only txvo feet a second ; or that,' 
in calculating the quantity of effective power, a greater ve- 
locity is equivalent to a greater force. Thus much being 
premised of the principle of virtual velocities, as applied to uni* 
form motions, if we find diat, in the case of the crank, the 
force acting on the piston produces an effect through the crank, 
in which, although the force may be less, it is exerted through 
a space equivalently greater than that through which the piston 
is moved, then we have a right to infer that there is no loss of 
power, but that what is lost in force is gained in velocity. Now, 
this is precisely the case. 

While the piston moves through the length of the cylinder, 
which is equal to the diameter of the crank circle, it moves the 
crank through the circumference of a semicircle; now, the 
length of the diameter is to the length of the semicircumfereno^ 
as follows : Diam. : — semicirc. : : 2 : 3.141599 being a little 
more than the ratio of 63 : 100. 

If, then, we fipd that the mean force exerted through the 
crank is not less than in this proportion, we shall be able to 
shew that the loss is imaginary. Now, the mean force on the 
crank obtained from the third column of the preceding table is 
also 63 to 100 ; that is to say, the force in the piston is greater 
than the mean force in the crank in precisely the same ratio in 
which its velocity is less than it. 

There is another view of the matter to which I would direct 
particular attention. It is said that, at the top and bottom of 
the stroke, the position of the crank is so unfavourable to th^ 
production of circular motion, that no force of steam, however 
great, would produce any good effect towards causing revolu- 
tion. This leads me to trace the progress of the steam itself in 
the cylinder, in connection with the motion of the piston and 
of the crank. 

The steam, when the piston is at the top of the cylinder, has 
not yet been admitted to press upon the piston, and, therefore, 
none of its force can at this moment be lost. On the instant 
of leaving this point, the steam enters, and at the end of the first 
18°, presses round the crank with a force of only 12.80 per 
cent. ; but let it be observed, that the steam only carries the 
piston through a space of about l-8th part of that through 
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which the crank revolves, — so that, in producing this effect, 
the motion of the piston is just so much slower than the mo- 
tion of the crank, as the power on the crank i§ less than that 
on the piston ; so thai here again we have a dynamical equiva- 
lent of a greater force and a slower motion to a higher velocity 
with a less force. 

As the piston descends and the pressure increases, it will be 
observed that the velocity of the piston increases exactly in the 
ratio of its effect on the crank ; so that, at the instant when the 
pressure on the crank and piston is equal, their velocities are 
also equal, and during the subsequent decrease of pressure on 
the crank, ihe velocity of the piston diminishes in the same 
ratio. The motion of the piston is not therefore an uniform 
but a variable motion, its velocity varying according lo the 
pressure on the crank ; and the two dynamical effects are not 
mily equal in ultimatum, but they are equal at every instant of 
time; and if, on the other hand, the motion of the piston had 
been uniform, the motion of the crank must have been a vari- 
able quantity, as it is represented in Fig. 6, a case which does not 
occur, and would be unsuitable at once to Ihe nature and laws 
bf matter, and to the practical application of mechanical power. 

It appears therefore, 1. That the mean pressureon thecrank 
during the whole revolution, is less than the pressure on the 
piston just in the proportion in which the space moved over by 
the latter is less than the space descrihod by the former, so that 
the total of all the power in the one is equal to the total of all 
the effects in the other ; 2. That the steam is not at all ex- 
pended at the neutral points, and that its expenditure is at 
every point exactly proportioned to the power it gives out in 
useful effect; 3. That the velocity of the motion of the piston 
is in the ratio of the force acting at each instant on the crank. 

These conclusions, here derived from obvious and elemen- 
tary views of the relations of position and velocity, are origi- 
nally deduced from the same data, by the more rigid method 
of the calculus. In the numerical exemplification I have en- 
deavoured to give here of that more correct process, I have 
been compelled to select only a few points in the circuit, and 
the result is only approximately correct ; but as the same might 
obviotuly be done at any point, the result is equally satisfac- 
toiy. 
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The study of the higher analysis cannot be too strongly 
commended to those who wish to avoid errors in inventioD. 

In the reciprocating piston, therefore, acting through the 
crank, the whole power is found by multiplying the stroke and 
back-stroke, or twice the stroke of the piston, by the pressure 
upon it, and this is equivalent to the whole effect produced in 
the entire revolution of the crank ; the pressure of the steam, 
and the space it moves through, are therefore the measure of 
the power. 

In the revolving piston, the effect of the steaib must be pre* 
dsely the same, if the revolving piston be of the same size, and 
moves through the same space as the reciprocating piston ; and 
if the revolving piston have a pressure on it equal to the mean 
pressure on the crank, and move through a circle equal to the 
circle of the crank, the effect will be the same in both cases. 

Since there is no loss incurred by propagating the action of 
the steam on a reciprocating piston through the crank of a re- 
volving axle, and since it is not in the power of machinery of 
any kind to augment the quantity of power given out by any 
mover, but merely to arrange, dispose, and modify that power 
to suit any given purpose, it follows that the rotatory piston 
can have no purpose to accomplish^ unless it excel the recipro- 
cating one in simplicity and economy of construction, diminish- 
ed bulk, durability and economy in operation, facility of re- 
pair when deranged, diminished friction, or a peculiarity of 
adaptation to some individual purpose, such as steam naviga- 
tion or inland transport. 

I. As regards simplicity of parts, the engine with the rotatory 
piston cannot excel the simplest formsoftheredprocating engine; 
take, for example, that form which merely consists of a cylinder, 
piston, and crank axle ; where the cylinder, mounted on an 
axle, oscillates with the revolutions of the crank, which is imme- 
diately attached to the end of the piston rod, and which requires 
no moving valves of any kind, the steam being admitted and 
emitted through ports in tlie axle of the cylinder, which open and 
shut by the motion of the cylinder itself. Neither as regards fa- 
cility and economy of construction does it possess superiority; for 
it will be readily granted to me, that whether the piston and 
channel in which it moves be rectangular or circular, they aie 
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■more difficult of construction than a straight, round cylinder and 
piston, wliich, being derived from the atraight line and circle, are 
(he simplest of forms, while an annular chamber, if the ])iston 
be rotatorv, is a surface uf double curvature, of difficult con- 
etruction and imperfect completion ; if square, the construction 
of u rectangular piston is a still more troublesome attempt, the 
incj«ascd surface being incrcasetl expense and labour. 

II. In point of bulk, the common reciprocating piston has a 
fiecided advantage ; the annular cylinder of the revolving piston 
must be (to give equal power) about two-thirds of the area, and 
about three times the length of the reciprocating cylinder, being 
a bulk of cylinder nearly double. But even this is an estimate 
too favourable to the piston of rotiition ; the diameter of the axle 
requires to be very considerable ; there are various reasons for 
this, — one is that it is frequently a steam- (wssage ; another is, 
that it is much larger than is required for the mere purpose of 
communicating the force, because any force of steam applied 
near the centre is of little value in producing an effect, from 
the smallness of the circle which that part of the piston de- 
scribes ; and for this reason also, that the portion of piston ex- 
posed to leakage and wear is in proportion to the effect gained; 
the piston is therefore removed to a considerable distance from 
the centre, to answer the purpose likewise of rendering the re- 
volution of the parts mure nearly equal. These points will, 
howcA-er, have our attention at another time ; it is sufficient for 
our present purpose, that these circumstances render it impe- 
rative to increase the bulk of the enpine. 

ill. In point of durability and economy in its use, the most 
conclusive arguments lie against the rotatory engine. I have 
seen many uf them perfectly constructed, working beautifully, 
but they went very soon out of order. They invariably VFork 
best when new. This may appear to some to arise only from 
the defects incidental to particular modes uf construction. I 
admit that many have had peculiar elements in (heir construc- 
tion not indispensable to the principle. But, on the other 
hand, I shall now go on to shew, that, independent of the idio- 
syncracy of peculiar engines, the necessary mode of action in- 
volves elements of self-destruction very rapid in their operatioii, 
.by means of which every rotatory piston must soon wear itself 
out of condition. 



1 
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It is a received principle in constructing madiines, that, in ii 
good engine, the parts should wear equaUy, and that even the 
Tery working of their parts should make them fit each other bet- 
ter. This is truly the case with the piston and cylinder and 
other appendages of the reciprocating steam-engine. So true, 
that old engines of Messrs Watt and Bolton — some of their ear- 
liest — ^are still working better than they ever did, or than some 
more recently made. To this the reciprocating engine necessarily 
presents a contrast ; and it will not be di£Scult to shew that its 
parts must wear unequally, so as to become unfit for use, and 
be rendered by each day^s work less fit for the duty of the suc- 
ceeding one. 

To shew the cause of this : — Suppose two perfectly flat plates 
of metal, perfectly round, to be laid one upon the other, so as 
exactly to coincide at every point. Let the undermost rest 
upon a table, and let the uppermost be so made as to turn 
round on an axis while in contact with the other, and let a ra- 
pid motion be communicated to the uppermost, — ^let me ask 
what will be the result of the attrition of the one of these up- 
on the other ? Will they wear equally, so as to remain in a 
state of mutual adaptation, or will they not ? Experience fiur* 
nishes an answer which exactly quadrates with reasonable ex- 
pectation ; — they will not wear equally, — they will not retain 
their forms. Let it be considered that the outer edge performs 
a larger circuit than any part nearer the centre ; that, therefore, 
as all the parts revolve in the same time, those nearer the cir- 
cumference move with a greater velocity than those towards 
the centre ; that the attrition is most rapid at the circumferenqe, 
and uniformly diminishes towards the centre of the plates ; then 
it inevitably follows that the plates must become conical, with 
a continual tendency to become more so. This is a most in- 
contestible truth. It is one which has caused the failure of 
many beautiful inventions ; it is the reason why conical bear- 
ings have been universally abandoned for cylindrical ones ; and 
it is the cause that has rendered a most beautiful class of inven- 
tions totally useless to the improvement of the reciprocating en- 
gine. I allude to the flat revolving valves introduced by Oliver 
£vans, and afterwards brought into this country, but now uni- 
versally abandoned, in spite of simplicity, efficiency, and econo- 
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iDy, on account of this very attrition from a centre, which wecon- 
Btler to be niinou§ to every sleani-engine on a revolving principle. 

The application of the result of this illustrative experimept 
to the subject in question, is abundanlly obvious, the circum- 
Btance of rotation from a centre, with pressure on bearing sur- 
faces of which the parts are at unequal distances from the 
centre, implies the excessive attrition of the circumferential 
surfaces above those which are near the centre, and which move 
with less velocity. Hence the circumferential surfaces wear 
more rapidly, and are unfit for use long before the central parts 
have suffered any sensible effect. Where extensive metallic 
surfaces are in contact, their repair is a matter of much ex- 
pense and delay. 

To diminish this cause, or to delay its effect, the revolving 
piston is removed far from the centreof action. By this means, 
liowever, the bulk of the machine, and its friction, are very 
much increased, an<l the evil only jmrtially remedied. It is 
obvious, however, that in this way, by increasing the radius, 
the engine is brought more nearly to tlie principle of the straight 
cylinder; so that perfection would just be attained if the cir- 
cular cylinder were made straight, or, in other words, if the rota- 
tory engine were converted into an ordinary reciprocating .engine. 

When a piston reciprocates in a straight cylinder, all its 
pcants, and those of the cylinder, move e(|ually, being in lines 
parallel to tlie axis; and to prevent accumidation of eccentri- 
city, the piston may have its position on the circumference al- 
tered by part of a turn. 

The essential nature of rotatory atlTlllon is therefore fatal to 
the success of the revolving principle, — a cause of expensive 
repairs, and speedy destruction. 

IV. There are other defects to which tliis species of engine 
is peculiarly liable ; — to vacuities and losses at the valves and 
passages — to irregular action, and collisions and shocks from 
the action of the parts upon one another ; but these will be the 
subject of consideration as they occur in individual machines. 

V. Unless, therefore, we shall find that there is some pecu- 
liar applicability in this form of engine above the common one, 
to certain important purposes, such as steam navigation and in- 
land transport, we nuist abandon the hope of deriving practi- 
cal advantage from the engine of rotation. 
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Now, it has been proposed for Steam Navigation, butto this 
it is peculiarly inapplicable* In a steam-vessd, it is useful to 
have the axis of rotation as high and the wdght of the engine as 
low as possible. Now, if the engine be placed on this axis, as it 
would be in the case of the rotatory engine,one of two evils would 
follow; the axis would either require to be much lowered, or the 
weight of the engine would be so high as to make the vessel the 
very reverse of steady. By such a disposition of its parts it must 
necessarily be rendered crank, and have its power greatly di- 
minished. In the present engine, the weight is immediately above 
the floor of the vessel, and the axis in contact with the deck. 

Applied directly to the axis of a Steam-Carriage or Locomotive 
Engine, there are insuperable objections to the rotatory engine. 
As there would be no spring between it and the wheels, every 
jolt would derange the machinery. The weight of the engine, 
rigidly connected to the axle, would reciprocate the evil, and 
knock the wheels to pieces. These evils are prevented in the 
reciprocating engine, by the detachment of the engine from the 
axle, and the propagation of power through rods, wheels, cnr 
chains, to the propelling wheel or axis. It is indeed a radical 
defect in some of the existing forms of the locomotive engine^ 
that the detachment is less perfect than might be desired. This 
very adjustment, so impracticable with the rotatory engine, was, 
even with the superior facilities presented by the form of redf^ 
rocating locomotion, one of the greatest impediments to the 
success of elemental locomotion. 

VI. In addition to the above-mentioned advantages possessed 
by the reciprocating engine above the rotatory one, it presents 
facilities (altogether wanting to the latter) for working directly 
the subordinate appendages of the steam-engine, such as cold- 
water pump, its own feeding pump, &c. If the engine be a 
condenser, the simplicity of the reciprocating mechanism of the 
air-pump puts the rotatory engine altogether hors de combat 

VII. All these considerations, of the most important practical 
bearing, demonstrate clearly to us, that if there be no very con- 
siderable loss of power in the reciprocating engine, we have 
little inducement to make the substitute of the rotatory chamber 
and revolving piston for the cylinder and reciprocating piston. 

It appears, on the contrary^ both from theory and the practical 
working of the steam-engine of ordinary construction, that^ with 
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very smnll nllowance for friction, tlic piHlim ^vcs out through 
ibc craok, in actual work done, all tlie power of all the atcani ap> 
plied to it in tlie cylinder. Mechanism can do no niore.^ And 
Alice neither simplidty of action, compactness of form, conden- 
SBlinn of bulk, nor economy, either in first cost or operation, 
^ve it a superiority to the common engine, but that, on the 
other hand, from the very nature of its movement, it possesses 
tbc elements of rapid detrition and nneqiiol deterioration, and 

by the necessary arrangement of its parts, rendered pecu- 
liarly inapphcable to such important objects as the purposes of 
.steani navigation and land transport, I do not see what mo- 
rive can possibly remain for devoting a single thought to its 
fiirther improvement, or the alteration of its form, when its very 
principle holds out no higher premium than that, if brought to 
its utmost i>erfection, it might possibly approacii in durability 
•lid efficiency the ordinary reciprocating engine, but in no point 
of view could ever excel it. To ex[>en(l more time and mind on 
■uch a subject, is therefore merely sowing the wind to reap the 
whirlwind. 

VIII. The force of the exposure I have now been induced to 
make of the fallacious nature of those attractions by which the 
ratntory motion has drawn aside ingenious mechanists from the 
direct path of legitimate invention into the fruitless pursuit after 
Jngenious trifles, will have considerable weight added to it, if 
:*e turn our attention to the peailiaritlea of the crank as one of 
the elementary machines for the conversion of reciprocating 
Into rotatory action. 

The crank, as the means of converting the reciprocation of 
Uie piston of a steam-engine into continuous rotatory action, 
ipossesses singular and heautifid pro]>ertiea, which distinguish 

" We hdve before ua the prinlEil reports of last vear, in whitli tlie duty 
'done bv Uic crank enfnnea of Charleston'n and Wheel Klttv conatrueted by 
Mr Sinu u given. We have abn befnre lu the indications of premire iji the 
t^linJder, ra oblBined by a very acuunite indicator applied in the course of hut 
' cumtoer by Mr Sniilh of Manchester, who visited tne mines for that purpose, 
■ud has been kind enough to tirour ua with a copy of Ilia obaervations. We 
Iwve thua the nieanB of comnarlng the power actually exerted on the pLtton 
with the work dune, ind find the result □!' the comparison to be.tbatlA; uwk 
Jm* u lei/Ain Ita per ceai, iff bring pafccllj/ eqtial la Ihtpoiter empIugctL Here. 
' then, we arrive at this conclusion, that the utmost conceivable reach of 
.iMtfAvcnieot in the tnechaniani engine, if it attained even to iierfectian, 
wguU not save more than a tew per ccnta. That the crank engine there- 
■ Ion;, M at present used, is as near the perfection of inechanisni as any thing 
■we ean hojie to obtain, is, we think, satist^ctorily established. 
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it from every other means of produdiig that conTernon, and 
which appear to be so perfectly adapted to the nature of steam 
and the constitution of solid matter, that we are indebted to it 
materially, although indirectly, for the very great advantages 
we derive from the modem steam-engine as a source of mecha- 
nical power. Ingenuity has been taxed to the utmost to find 
substitutes for it, which should remedy the (imaginary) defects 
of the crank, but Uie mighty element has disdained them all, 
pounded them to powder, and thrown them from her. Like 
unskilful keepers, they have attempted to control a powel* by 
means which have only encountered the force they were de- 
signed to direct ; and, after many vain efforts, it is found that 
the crank is the magic rod under which alone the mighty force 
of the element becomes peaceful and docile. Wheels, sectors, 
and racks, in various combinations, have been made to assume 
the functions of the crank, but they have uniformly been de- 
clared incapable. Once or twice it has happened that a substi- 
tute was obtained, but it was soon found that these (the sun 
and planet motion, for example) were only the crank in dis- 
guise ; and the useless mask was speedily dispensed with when 
the cause of its assumption had ceased to exist. It was an in- 
vidious patent alone that induced the immortal Watt to give 
the name of Sun and Planet to two wheels, placed one at the 
base and another at the apex of the crank. The disguise dis- 
appeared as the patent expired, and the simple unencumbered 
crank resumed its well-merited station. 

The peculiarities of the crank which give it its unapproach- 
able perfection as an elementary machine, I shall now go on to 
describe, 

1st, I would observe, that in the reciprocating piston in a 
steam-engine the following things occur : — The piston is to be 
put in motion in one direction, then stopped ; then put in mo- 
tion in the opposite direction, stopped again ; motion in the ori- 
ginal direction begun and once more made to cease. At the com- 
mencement of the motion downward, a valve is to be opened for 
the entrance of the steam above the piston, which valve must be 
closed at the end of the stroke, and at the same instant in which 
one steam-valve closes, an opposite one must be opened to ad- 
mit steam below the piston ; at the same instant, also, a valve 
of eduction for the first portion of the steam must be opened. 
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nd a second valve of eiiii8sion on tlie opposite side of the pis- 
ou closed. At one and the same instant, therefore, the motion 
fif the piston has to be stoppeti in ore direction and commenced 

I the opposite direction, one steain commiiiiicatioi) closed, a 
fecond opened, a third of eduction cut off, and a fourth re- 
lewed and all this (for the perfection of the engine) must be 
lone with the most absolute precision. 

But these processes, ^vhich produce the change of state from 
rest to motion, and from motion to rest, require time. Matter 
acquire!* momentum which must be gradually removed, otlier- 
wiae that matter is subjected to concussion, as if by the stroke 
of a hammer, and either supers or produces injury. And, 
OD the other hand, when in motion, matter requires a force to 
;(top it equal to the force that gives it that motion. These ef- 
fects, therefore, cannot be instantaneous;* and it is necessary 
itfaat while the motion which the steam gives off be uniform and 
'Continuous, the parts of the engine itself shall l>e allowed time 
to be brought to a slate of rest, without shock, concussion, or 
jolt, and as gradually and gently be again urged to their great- 
est velocity in the opposite direction. All t/u-ae with eigiiiaile 
tld^tutment the crank effects ; it stops the piston as gently and 
loftly as if it placed beneath it a cushion of eider down, and af- 
terwards as gradually begins and accelerates its motion to its 
Ittghest velocity in the op[K)site direction. The valves, too, are 
'l^>eiied with the same perfect adjustment, being performed with 
that gradual motion which proportions the largeness of the aper- 
ture to the supply of fluid required to be triuismitted. An ad- 
justment so complete could only take place by such a relation 

B subsists between the crank and piston, the one describing 
uniformly the circumference of a circle, whUe the other moves 
by simultaneous gradations of alternately increasing and dimi- 
tushing extent. But this is not all that distinguishes the crank. 

I 2d, It is one of the highest recommendations of a piece of me- 
dtsniBin, that any very slight error in its construction shall not 
very materially prevent its usefulness, nor any slight derange- 
ment of its adjustment be attended with immediate destruction, 
but that, on the other hand, the rffickncy of the viechanism shall 



"On uit que preseion ne pent piupraduire taut-fi-coiiji une vitease finle." 
K«— Lagnngf, Mecb. Anal^'t., p. U. sec x. 
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be consistent with such degrees of correctness as ordinary work^ 
men can accomplish, and with stuh care as ordinary aUendanis 
can be trusted to bestow ; al>$o, that the progress of disrepair 
shall be so gradual as to give timely warning of the necessary 
readjustment Just such apiece of mechanism is the crank. It 
is at the top and bottom of the stroke, or in the line of the cen- 
tres, as it is teclinically called, that the opening and shutting 
of the valves should take place ; and it is just at this pcnnt that 
pressure on the piston can produce no effect on the crank ; but 
suppose the valves not to open with absolute precision^ suppose 
them to open and shut too soon or too late, then will the error 
at that part of the circuit be of comparatively small importance, 
because, just then, the motion of the piston is so slight, that, 
through an arc of twenty degrees, it does not describe one hun« 
dredth part of a stroke, and the effect of any error in that space 
will not affect the crank by more than one hundredth part ci 
its amount ; any error of adjustment is therefore diminished in 
effect to one hundredtlh part of what would be produced, were 
the motion of the piston to be uniform in portions correspond- 
ing to the arc of description, as would be the case in any other 
species of rotatory conversion. 

3d, In like manner, errors arising out of construction, ma- 
nagement, or wear, are diminished one hundred-fold by trans- 
mission through the crank. It has been to me matter of fie- 
quent astonishment, that although I have seen at the mouths of 
coal-pits, small mines, and quarries, mere remnants of engines, 
frail rusty old fragments of iron and wood, working so loose as 
scarcely to remain upright upon their basements, they were still 
working within 30 per cent, of their full power. 

4th, To all these circumstances, I may add, that the constitu- 
tion of the crank is one reason why an engine may be constructed 
of erroneous weight, and of the most unwieldy dimensions, with- 
out being thereby much injured in its working, because the crank 
acquires so slow a motion at the commencement and termina* 
tion of the stroke* that it equally slowly communicates motion 
to all the parts of the machine, and in like manner receives fitMn 
them the impetus which they give out in the act of being again 
slowly brought to rest towards the end of the stroke. The im- 
petus, therefore, given to the reciprocating parts of the machine 
is lent not lost. 
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We liave thus endeavoured to expose the nature of the fal- 
lacy under which they labour, who imagine that the present 
steam-engioe, as derived from Watt, is a machine which 
*' destroys" or " absorbs" a large portion of the power it is 
designed to transmit, and who look to the rotatory engines as 
a means of increasing the amount of the power given out in 
useful effect. That the rotatory engines, which appear day 
after day, are not new, we shew from the fact, that the five 
great classes which comprehend them all have been invented 
and reinvented by upwards of ninety individuals. That their 
inventions have been unsuccessful, >s manifest from the non- 
existence of thdr machines in the daily use of ordinary manu- 
factures. That the failures of these contrivances did not 
arise from defects accidental to the peculiar arrangements and 
contrivances of the engines, is rendered probable by the great 
variety of forms in which they have been rc-inventctl, tried, 
and abandoned. That they have not failed from deficiencies 
m the workmanship and practical details, is rendered still more 
probable by the circumstance of tindiiig among the names of 
inventorB, tliose of the most eminent practical engineers. We 
have next shewn, that in theory, the crank of tlie steam^angine 
in common use, cannot, as has been supposed, be attended 
with a loss of power, as such loss would oppose the established 
doctrines of virtual velocities ; it is shewn also from very 
simple and elementary considerations, that what appears to be 
lost in force, is resumed in velocity ^th at, in proportion as the 
mean force on the piston is greater than the mean force on the 
crank, in that proportion is the space described by the latter 
greater than the apace described by the former. That the 
dynamical effect produced in a given time is exactly in the 
proportion of the Bteam exiwnded in that given time ; and 
thus have wc arrived at the conclusion, that the common recip- 
rocating crank steam-engine, has not the faults attributed to 
it in theory, and which the rotatory engines have been de- 
signed to remedy. We have next taken the practical view of 
the subject — in simplicity of parts the rotatory piston has no 
advantage over the reciprocating piston ; in difficulty of con- 
struction the rotatory piston far exceeds the reciprocating en- 
gine — ^it is more expensive at the outset — it has more friction 
— ^it is more bulky, and less compact — it is inferior in precision 

r: 
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and unifonnity to the crank-engine — and there is a radical fault 
inherent in the very nature of rotatory mechanism, from which 
it follows that the rotatory engine can never be rendered 
either an economical or a durable machine. We have further 
shewn that, even if the rotatory engine could be made econo- 
mical and durable, its very nature renders it unsuited to the 
great purposes of steam navigation and inland locomotion,— 
objects to which it has been considered peculiarly applicable. 
We deemed it an appropriate and instructive conclusion to our 
inquiry, to examine into the action of the crank, for the pui^ 
pose of discovering what those remarkable qualities are which 
have given to the crank of the common steam-engine, its un- 
rivalled superiority as an element for the production of circular 
motion, and a degree of perfection unattainable by any other 
mechanism. We have seen that weU-constructed crank steam- 
engines are daily performing duty, which is within ten per cent, 
of the theoretical maximum of possible efiect-^of absolute per* 
fection — that this practical perfection arises from the simplicity 
of the crank, from its wonderful adaptation to the nature and 
laws of matter and of circular motion in connection with recti- 
lineal motion — from its reduction of errors either in construc- 
tion, adjustment, or management, so as to work well without 
the absolute necessity of greater intelligence, expertness, and 
precision, than belongs to ordinary workmen ; and from the 
compensating nature of the arrangements of its structure, by 
which it is accommodated, in a remarkable degree, to the ne- 
cessary imperfections of all human mechanism. 

It is my earnest desire, that this exposure may have the ef- 
fect of inducing some of my ingenious countrymen to direct 
their exertions for the advancement of the arts and industry of 
Scotland, to other and more promising subjects of invention. 
A wide field is open to their exertions in the useful applicatioM 
of the mechanical powers of the common steam-engine to the 
wants of growing civilization, and to the improvement of the 
condition of the hubian race. Let them direct their exertions 
to these objects, with the same industry and unity of purpose 
which they have already displayed in the pursuit of the fasci- 
nating fallacy of a rotatory steam-engine, and they will one day 
be reckoned in the glorious list of those who have been the be- 
nefactors of their kind, and the ornaments of Scotland. 



On Metallurgical Phenomena as illustraihv of Geology. By 
Professor Hahsmann of Giiltingen. Communiratedby the 
Author. (Concluded from Vol. SXIII. p. 330.) 

Of the metallurgic processes there is one in particular, which, 
Id a certain point of view, permits a, comparison with that of the 
|ffocess of oxidation which goes on under the crust of the earth, 
■nd which, in the present era of our planet, is proclaimed by the 
{dieaomena of the still active volcanos — the process of'the pro- 
Aicthn ofmoReable ironjrom crttde iron. The crude iron ob- 
tained in blast furnaces from ores of iron, by the process of 
iFeductioD and melting, contains iron combined with carbon, 
<and in union with small quantities of various other metals 
liesides (of which manganese is most abundant), of bases of 
.^■rths, among which silicium ii most usually found, and of 
.nietalloids, among which sulphur and phosphorus are not unfre- 
gently encountered. In order to obtain the purest possible iron 
(rom this crude iron, it is melted down In various modes of pre- 
paration, and heated, when reduced to a state of fusion, by the 
pperatioD of a bellows or a natural current of air, in such a man- 
ner, that the atmospherical air may come into the closest poa- 
gible contact with the crude iron, and, by means of its oxygen, 
iccomplish tlie oxidation, and, thereby, the separation of the 
fcreign substances combined with the iron. Of these one por- 
tioo, viz. the carbon, escapes in the form of gas, whereas an- 
other is converted into slag. Although the oxygen of the air is 
combined immediately with the substances which have a greater 
attraction to it than iron has, it is notwithstanding inevitable 
that a part of this metal, which exists in such a preponderating 
quantity, is at (he same time oxidized and transferred to the*/«^5. 
It is, niesnwhile,just as comprehensible, that a change takes place 
in the relation in which the various ingredients of the crude 
iron is acted on by the oxygen during the continuance of the 
process, and that, consequently, the slags thai are produced re- 
ceive at first a proportionally greater share of earths, especially 
of ^ica, than at a later period, whereas they obtain always more 
of the black oxide of iron llie further the process advances. The 
black oude of iron, which is constantly accumulating in the 
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slagSf does not remain without reaction on the process of the 
puritication of the iron in yielding oxygen to the carbon, \tj 
which means one part of the oxidized iron is again reduced, and 
combined with the rest of the iron mass. The nearer the mass 
approachcB purity, the further is it removed from a state of 
fluidity ; and while, by the influence of suitable manipulati<His, 
the particles of the iron are united to a mass which is more or 
less encompassed by the slags formed during the process, the 
said mass passes gradually into the state in which, by due pres- 
sure, it may be moulded into any form at pleasure. 

Now, if we compare this process with the theory of the pit*, 
tonic and volcanic rocks above alluded to, a strong anaJo^ 
will be conspicuouB. DcTiations occur chiefly in this, that in the 
mass of the earth's nucleus, out of which those mountain masses 
are generated, a greater variety of ingredients must be assumed 
than usually exist ia the ore, as well as a different quantitative 
relation; and that, at the commencement and during the coD- 
tinuance of the great process of terrestrial transformation, water 
indubitably plays a chief part, whereas in the refining of iron 
(eisenfrisch process) it is princi|>ally the oxygen of the air wtuch 
produces the oxidation. What we have alleged above concerning 
the latter process makes it apparent, how, in the oxidation of tlw 
earth's actual surface, one part of the ingredients might undei^go ft 
change, while another remained protected against it. That pto> 
cess shens that, although the atmospherical air chiefly afiecU 
merely the surface of the crude iron mass, yet the substances that 
have a closer affinity to oxygen than iron has, are gradually se- 
parated from it even in the interior. Something of the eaiM 
kind, too, we may be allowed to aEsume, in the process of oiu>: 
datioD that goes forward on the earth's actual surface, ai 
here, when the substances that have a close affinity to 
combine with it, and thereby separate from the unoxydi 
stances, a compensation to the same substances ensues froin 
mass that exists beneath it. The formation of slags in die 
refining process leaches us, that from the same mass at vari- 
ous times, slags of very various composition may arise. Proceed- 
iog from a mass which contains several ingredients in vanoui 
degrees of affinity to oxygen, the oxides, whose bases have a 
closer relation to oxygen, abound in the slags of earlier 
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10 greater quantity t. 
amnectioo is proved, as was already mentioned above, from a 
comparison of the plutonic and volcanic rocks. We can, there- 
fore, form an idea of their successive origin, without being re- 
duced to the oecessity of assuming a great inequaliiy in the dis- 
tributioD of the substances contained in the nucleus of the earth. 
But the analogy may be still farther traced ; for, even in the 
composition of the slags that arise from ihe process of the pro- 
duction of iron, there la a striking* resemblance to the nature of 
many volcanic rocks ; a resemblance which consists not in the 
connderable amount of iron ingredients alone, but chiefly in a 
certain silicate which is peculiar to those volcanic rocks, and 
whose substitute is a very ordinary attendant on basaltic rocks. 
The slags that are formed in the early period of the refining 
process, usually called roliachlackeii, consist chiefly of combina- 
tions of silica with protoxide of iron, and some other bases of 
smallcf quantity, which have a more or less close approximation 
to the relations of simple silicates ; and there not unfrequently 
appear with a fixed relative pi-oportion of ingredients, crystalli- 
sed slags, which consist chiefly of n simple silicate of the protox- 
ide of iron, and harmonise with the chrysolite or olivine both in 
a etoecbiometrical relation of composition, and also id regard to 
tbe system of crystalhsatlon. With respect to their ingredients, 
a difference between the crystalline slags and the olivine consists 
in the circumstance, that, while in the former, the protoxide of 
iron predominates, in the latter, magnesia abounds. But it is 
well known that a recipocal substitiition is effected, and while 
in crystallised slags we not unfrequently meet with magnesia 
joined to the protoxide of iron, a considerable quantity of the 
protoxide of iron is always found in olivine. The close alBnity 
that subsists between the olivine and crystallised slsga has found 
a beautiful confirmation in the discovery of the hyaloslderite, 
whidi likewise is found in basaltic rocks, and which, in regard 
to its chemical constitution, occupies the middle place between 
these two bodies above named, being composed of nearly equal 
parts of protoxide of iron and magnesia. 

After the attempt to employ metallurgic experiments in the 
elucidation of the igneous process that lies profoundly concealed in 
the bowels of the earth, it will appear less venturous, to found 
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explanations of the formation of the products of that pfooeas on 
a comparison of these products that are obvious to Yiev^ with 
those of metal lurgic processes. 

Among those parts of the earth'^s crust, on which the subter- 
raneous fiery process has exerted an influence, we recogmse part- 
ly such productions as are indebted to that process endrdy for 
their origin ; partly, masses that have been generated by other 
causes, and which, either by the communication of heat or by 
the immediate operation of the productions of the fire, have un- 
dergone more or less considerable change. The state which im^ 
mediately preceded that in which we at present perceive those 
productions of the fiery process, might be either that of a vapour, 
a liquid, or a paste. The masses that are now-a-days ejected 
from volcanic eruptions are found in all these various states; 
and we are assuredly justified in assuming that other masses 
whose fiery origin indeed is not to be questioned, but the nature 
of whose formation still remwis hid, existed in one or the other of 
those conditions before they passed into a state of solidity : bat 
here it is still not to be forgotten, that the state in which these 
masses attained their present condition was often perfectly dif- 
ferent from that in which they originally existed. It would be 
of importance to geological investigations, if fixed ngns could be 
discovered, by which we might recognise the earlier state ; and 
perhaps it is possible, from a comparative examination of the 
productions of the foundry, to make progress in such a discovery. 

First of all, with regard to the transition of bodies from the 
gaseous state into the solid, a difference takes place in this,— 'that 
either the gas passes immediately into the solid state by cooden* 
sation,or not until after it had assumed the liquid state: and by 
the same kind of evaporation, according, for instance, to the rate 
of cooling, may the one or the other transition take place. In- 
stances of this are afforded by certain processes that are em- 
ployed in procuring zinc and sulphur. Sometimes it is diflkult 
to decide, whether the one or the other mode of tranution en- 
sued : for similar kinds of aggregation, particularly crystals, may 
arise in both ways. But we recognise with certainty the earlier 
molten state in which stalactitical forms, or other distinct indica- 
tions of previous fluidity, appear. On the immediate transition 
of the vapours into the solid state, there often arises, especially 
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when the condensaijoii very rapidly ensues, a loose powdery or 
volatile aggregatioD, similar to what we observe in the sediment 
of white arsenic in roasting ovetis, or in the flowers of zinc that 
are formed by sublimation. If we apply these experiments to a 
more close investigation of the mineral bodies formed by the grand 
sublimation process of the earth, we must certainly not overlook 
llie circumstance, that similar forms to those above mentioned 
are frequently generated in the mo'ul way, entirely without the 
operation of fire, and that consequently, these forms can only 
yield explanations as to the course of formation, when a general 
coDclusion has been come to respecting their nature. 

If the inquiry into the products of furnaces makes us ac- 
quainted with a variety of bodies transformed by the heat of the 
melting furnaces into vapour, we shall be induced to attribute to 
(he sublimation process of the earth a more extensive range of 
action, than would have otherwise perhaps been our inclination. 
We may conclude from the nature of the productions of the 
foundry, that certain bodies, with whose existence in a stale of 
vapour we were either not at all, or with but little certainty ac- 
quainted, passed from these Elates into solid ones. Now, if this 
could lake place with the heat of the melting furnaces, how much 
greater is the possibility of the formation of vapours, by the 
operation of the fire of the subterraneous forge of the globe. 

In the blast furnaces crude iron penetrates not unfrequently 
into the fissures of the mass of which the building consists: a 
phenomenon of little importance. But iron also is sometimes 
found in the interior of a sandstone which has been exposed to 
a high temperature, partly in veins, partly disseminated, with- 
out the slightest trace of any fissure, — so that this supposition 
alone appears admissible, that it penetrated in a slate of vapour 
into the sandstone when softened by a high temperature. This 
kind of iron is distinguished by a very light silver-white colour, 
and has here and there externally a steel-grey tint, has a granular 
foliated structure, and is so ductile that, when even in a cold stale, 
it may be hammered out into thin laminae. It contains silicium 
and carbon, and it is worthy of remark, that silica is sometimes 
associated with the ironj at all events, the appearance we have 
described bears a striking resemblance to the manner in which 
certain metals and ores, psjieciatly gold, silver, and copper, arc 
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found disseminated in veins, and at the same time, in adjoiniiig 
rocks ; as, for instance, the native silver at Komgsbei^in Norwi^. 

With respect to the relations in which silica is found in the 
walls of extinguished blast-furnaces, Mr Koch has given an ex* 
tremely minute account.* Its appearance is in many instmoeB 
only explicable on the assumption of a penetration in the fortn 
of vapour. The above-mentioned fact of the accompaniment 
of the iron that is found in the interior of the stones <^ the 
building, coupled with the mineralogical association with titlh 
nium and graphite,*hereafter to be referred to, are greatly in fik 
vour of this view. Mr Koch has already drawn our attentioii 
to the impropriety of doubting that the silica proceeded ftt»n 
silicium, whose reduction from iron-ores rich in that su b st a aace^ 
ensued in the highest temperature of the blast-furnace. Hie 
silicium was partly combined with the iron ; and this with the 
crude iron as well as with the refined iron which is sofnetimes 
generated, so that it was thus protected against oxidation. But 
as a vapour too, it penetrated, partly with iron andcarboa, aiso 
in the form of vapour, into the interior of the mass of the budd- 
ing, and passed here either immediately by means of otidalioii 
into silica, or not until after having again resumed the mbken 
condition : and this is sufficiently proved by the globular and 
kidney-shaped external forms, by the concentric concretionary 
layers, and by the arrangement of their fibres. 

The well-known appearance of crystals of titanium in the prt>- 
ducts of the blast-furnace, belongs to the most interesting phe> 
nomena which these afford. The relations in which cubes of 
titanium are found in excavations of masses of slag, crude iron, 
and refined iron, sometimes accompanied by silica, partly in the 
building, partly even beneath it, are of such a nature as leave 
no room to doubt of its sublimation. The tendency of the vapooTB 
to penetrate downwards, is to be explained by the pressure of the 
molten mass that exists in the base. 

In the case of the graphite formation also, which accompanies 
the production of the grey crude iron, the previous existence in 
the state of vapour may also be fairly assumed; for the ap- 
pearance of that crystalline body, which, according to KarstenVt 
researches, we are authorised to consider as pure carbon, is dis- 

* fiejtrsige zur Kenatniss CrystallinLscher HUttenproducte, S. Si40. 
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pUyed in sucb a way, tliat we cannot suppose it to exist in 
another state im mediately previous to the crystalline one. It is 
well known that carbon occurs in various ways in the grey crude 
iron, namely, partly in chemical tonibination with the iron, partly 
as graphite mixed will) it. That ihe quantity of carbon which 
IB contained in the hquid crude iron and which is not able to 
combine the iron chemically, in the moment of rigidity, and 
even partly while the iron is still fluid, is dissipated in vapour, 
and passes from this stale immediately into the crystalline, ap- 
pears susceptible of proof from the circumstance that the gra- 
phite is observed not only in the interior, but even on the actual 
surface of the crude iron, like crystals of sdow on ice, formed 
by tbe ascending vapour, — tliat its crystals are met with on the 
aUgs, which <»)ver the iron in the furnace, and even in their in- 
ternal cavities, — and that the graphite is sometimes found even in 
Cbe interior of the wall, and not unfrequently associated with 
tbose bodies (such as silica), whose penetration in a state of va- 
pour we are compelled likewise to assume. The more slowly 
the cooling proceeds, the more unconiined the t^acc, and the 
smaller the external pressure, the more distinct is the crystal- 
line structure of the graphite. The largest crystals are found 
in tlie cavities of the crude iron on its actual surface, and particu- 
Urlyon the slags. The more slowly ihe crude iron coob, the more 
distinct appear its scales; whereas, in cases of rapid cooling, for 
instance, when crude iron is plunged in water, the scales are in- 
distinct. In grey crude iron the graphite is most usually more or 
less uniformly mixed with the iron : in many varieties, however, 
among others in the Swedish and Norwegian crude iron, the mix- 
ture is not uniform ; in which case, the graphite sometimes forms 
ibecompletionofglobular spaces, and then its crystals are grouped 
concenirically, as we observe in amygdaloids, resembling, for 
uutance, the appearance of the scaly chtorites. This phenome- 
non might confirm the assumption, ihai graphite vapour formed 
angle bubbles in crude iron ; and this leads further to the sup- 
poutioo, that the cavities in rigid crude iron in which graphite 
crystals arc often found, are partially generated from the carbon 
vapour after it has effected its escape. Particular notice is due 
to the appearance of graphite in the cavities of a slag of a bkst- 
furnace at the some time with iron, which in a botryoidal form, 
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and partly with an oxidized surface, forms the basia on wfaich 
the graphite is deposited. Here we perceive manirestly that the 
graphite vapour was condensed after the liquid iron had been 
deposited in that form, on the smooth surface of the rigid slag. 
There is a circumstance worthy of note attending it, — iron and 
graphite are found always together, and only on the upper part 
of the hardened slag : hence we must conclude, that the iron loo 
gained access to the slogs in tlie form of vapour, but became 
liquid before it passed into a solid state ; whereas, graphite was 
immediately crystallized. If this opinion be correct, it follows 
necessarily that iron requires a higher temperature for its subU- 
mation than carbon. 

In the case of the phenomena described here, a comparison 
with the filling up of cavities in amygdaloids is forced upon ua. 
Here too, sometimes the whole space, sometimes only part of it, 
appears filled, and often only the covering sprinkled. In these 
cases too, a certain succession is observed in the deposition of the 
different mineral bodies which coat or till the cavities ; here alio 
we perceive bodies which were liquid betbre their transition into 
the solid state, and afterwards assumed either botryoidal and 
stalactitic, or crystalline forms : white, on the contrary, other 
bodies appear to have passed at once from a state of vapour into 
the crystalline condition. No contradiction is felt between this 
kindof completion of the cavities in many amygdaloids and that 
which takes place by filtration, and which in other cases displays 
itself unequivocally. The formation of a large proportion of the 
veins, particularly of those conlaiaing ore, bears a strong analogy 
to the filling of the cavities in amygdaloids ; and, indeed, there 
not unfrequenlly takes place a real ttansition between imbedded 
globular and amygdaloidal masses, and the materials forming 
veins. The manner of alternation amongvarious vein stones paral- 
lel to the chief bounding surfaces ; — the certain regularity of thai 
alternation, which appears, as well in the filling up, as in single ca- 
vities; themode in which one mineral formsalayeroveranolher; 
—the growth on those parts of crystals inclined downwards ; and 
many other phenomena,are only to be satisfactorily explained, on 
the supposition that the mineral substances gained access to the 
vrins in a state of vapour. The various forms which vein stones 
haveasBumed, may also be explained from the results of the con- 
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densationof vapours. Amorphousand crystallinestructureBtnight 
proceed either immedistely from the vapours by means of their 
cooling, or after having first passed into the fluid stale : stalaclitic 
farms only in the latter way. We have shewn on a former oc- 
casion (Specimen Crystallographiac Metallurgicse,) how the imi- 
tative figures, the capillary, filiform, and dendritic forms, which 
€iccur in v^ns, and particularly in certain native metals, such 
as gold, silver, and copper, have received a satisfactory explana- 
tion from a product of the furnace, called hair^-copper. 

Not only is a general analogy found to subsist between certain 
productions uf the furnace that have originated in vapours, and 
the formation of many veins of ore, but there is sometimes such 
a perfect similitude displayed, that we may be misled to confound 
pieces ejected from the furnace with fragments of the veins of 
jore. In confirmation of this statement, witness pieces found in 
the melting- hearth, and on the ground-stones of extinguished 
furnaces in the Upper Harz silver mines, which, in the mass 
transformed by the heat, contain veins of regenerated lead-glance, 
of from scarcely a measureable size to the thickness of several 
inches, together with ramifications, intersections, displacements, 
and other phenomena peculiar to veins of ore. 
- The phenomena exhibited by the formation of vapours, as 
observed among the products of the foundry, point out the 
essential difference that exists between veins formed by subli- 
mation, and vein-hke fillings up of fissures by masses which 
penetrated into them in a state of fusion. Metallic veins are of 
a perfectly different kind from veins of granite, porphyry, green- 
stone, and basalt. But even in regard to the structure of the 
.v«n in the former kind, a consideration of the productions of 
:the foundry is indicative of a difierence, which consists in this, 
that vapours either withdrew into already existent spaces or 
>clefts, that had been perhaps more or less widened by their 
■operation, or tbey penetrated as a loose or soft mass. Va- 
pours penetrate in great variety into crevices in the walls of 
•mines or '<> ^^^ hearths of furnaces, and form, by condensation, 
partly upfillings, partly coatings, presenting themselves very 
often in crystals. To this class belong the most famed crystal- 
lizations of oxide of zinc from the iron blast-furnace, which are 
sometimes accompanied by cubes of chloride of potassium. To 
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this also nius[ be referred the occurrence of )ead-g)ftnce, bidc- 
blende, and arsenic acid, which like veins fill up crevices in the 
walls of silver, lead, ond copper -furnaces. That in certain dr- 
cuoiaiances, silicates too may be formed in a similar way, is prov. 
ed liy the appearance of crystals of a substance resembling felspar, 
derived from fragments in the copper-furnaces at Sang^hausen, 
to which attention has again been recently directed ; but which 
were described by me in the year 1810, in the 4th number of 
the Beitrage zur Berp-und Hiittenkunde, p. 86. The same 
bodies which are found in this way, like some others formerly 
mentioned, penetrated as vapours into masses, which either, like 
bricks, for instance, have a certain porosity, or like saodstones 
and others, have been transformed by heat into a softened con- 
dilion ; and are in this stale deposited in forms, which resemble 
at one time disseminated portions, at another nests of minerals, 
and at a third, ramified veins. This phenomenon may, in an es- 
pecial manner, sen-e to explain the formation of many incoherent 
nest-like veins, which either contain ore, or consist merely of what 
are termed vein- stones. 

The metatlurgic processes afford many opportunities for the 
study of fused masses, and the solid bodies that are produced 
from them ; and since the rocks of igneous origin are composed 
in a great measure of silicates, a more accurate examination of 
the slags, which consist very frequently of silicates, is peculiarly 
calculated to yield some clew to their formation. Among these 
silicates, as Mitscherlich was the first to shew, the appearance of 
several, which, both in texture and external relations, harmonizes 
with mineral substances that are of great importance in ihe 
composition of the massive mountain rocks, has contributed 
greatly to establish more firmly the theory that assigns to them an 
igntous origin, and to procure for it more general supporL But 
apart from the analogy that lies in their structure, the knowledge 
of the formation of these mountain -rocks may be promoted also 
by the study of the state of aggregation of slags. 

When silicates pass from a fused into a solid state, either a 
glassy or a more or less crystalline body is generated, as the 
cooling is rapid or slow. These two kinds of aggregation are di- 
rectly opposed to each other. In the glass, the structure is still 
the same as it existed in the fused body : in consequence of ibe 
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nfad iranution into the solid state, no time was alluwed to 
the ingredients to combine in intimate relations : conaequeolly, 
the accompanying power of cry s la) li sat ion likewise did not 
come into operation, but the whole Ibllowed ibe laws of cx>m- 
tnon attractiou. On the I'ontrary, if the cooling i» slow, the 
cbemical attraction which arranges ihe ingredients in fixed re- 
lative proportions, and the power of crystallization closely asso- 
cuted with it, come into activity at once, and lluit in a degree of 
perfection proportioned to the slontness of the cooling. Accord- 
ing to the (liB'erence of texture, there is then formed cither one 
crystalline substance only, or there arise different substances 
which »re chemically and cry s tall ogra phi cally distinct. If the 
texture is not of such a nature, that the whole body is funned 
into ■ single or compound crystalline mass, either one crystal- 
line body, or it may be several of them, are separated in the 
g^ssy mass. The stony state, in which the crystalline forma- 
tion is confused and indistinct, occupies a middle place between 
the glassy state and the plainly crystalline aggregation ; in oonse- 
qu«ice of which a mass is formed as a basis, which contains more 
perfectly crystalline bodies. 

These different modilicatioQs of the state of aggregation d rili- 
cates are displayed in great variety in the slags that resiilt from 
various foundry processes. Now, it must not seem surprising 
that perfectly fused pure slags appear usually glassy, since they 
most frcfjuentlyquicklybecome solid, either from communication 
with the air, or fium fulling upon cold humid ground. But as 
Boon Bs circumstances occur that ai'c favourable to a more gra- 
dual transition from the fused to the solid state, a crystalline 
formation conformable to the structure of the slags takes place ; 
Bnd by this moans a great difference in the tendency of various 
aiags to crystalline is made apparent. I'orphyritic se^mration 
of single crystalline particles, which are not (infrequently sphe- 
rical, anfl of perfectly formed crystals, is often met with in va- 
rious kinds of blast-furnace slags. The Kieaehckmrh as de- 
scribed by Mr Koch, is found beneath the blast-fumaco slags 
in the iron-foundries on the Harz, in its regular six-sided 
prisms, resembling crystals of the Nepheline imbedded in a 
gUuBy basis of porphyry ; and something exactly similar is 
diqiUyed in the iron-foundries of other [lartB by slags crystal- 
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lized in the form of idocrase. To the most remarkable pro- 
ductions of this kiocl belongs the avanturine, a sort of glass co- 
loured by means of protoxide of copper, and oxide of antimony, 
in which extremely delicate regular six-»ded tables of copper- 
mica (a combination of three parts of the protoxide of copper, 
and of one pari of the oxide of antimony) lie imbedded ; a 
structure that ia sometimes visible on the slags produced by 
the fusion of copper. These phenomena display something 
perfectly analogous to the occurrence of felspar crystals in the 
obsidian lava. This supplies us at the same time with a proof 
for the accuracy of that opinion, which teaches us, that moat 
crystals Found in the difi'erent kinds of lava are not formed in- 
dependent of it, and merely included in its mass ; but that they 
are produced by being separated from the lava upon its becom- 
ing solid. 

The stony character of the slags occurs much more fre- 
quently than the separation of individual crystals ; a circum- 
stance which occasions the disappearance both of transpa- 
rency and of glassy lustre, and leaves at the most a faint sliin- 
ing lustre on the surface of the fragments, which, instead of 
being perfectly conchuidal, occur generally with an imperfect 
vonchoidal, an uneven, or a splintery ^acture, and in conse- 
quence of the last mentioned quality, often approximate more 
to the crystalline radiated structure. Sucli shigs may be com- 
pared with many compact intimately united mountain rocks, as 
for example, the aphanite and compact basalt, and al&o with the 
basis of many kinds of porphyry, such as eurile, clinkstone, 
pitchstone, and pearlstone porphyries. The slowly cooled 
Leitten and Gossen slags of the blast-furnace are of a stony na- 
ture; and this quaUty is not unfrequently found in the interior 
of a larger mass of slags with an externally glassy texture. 
The stripping of the glass from the blasUfuniace slags, which 
is effected hy a slow cooUng among the rubbish between gra- 
dually extinguishing small coke, as is practised in the Royal 
Foundry in Silesia, is very curious. The slags so stripped, have 
often a great resemblance to porcelain jasper, antl are usually, 
externally, of a grey, and internally, of a dark-blue colour. 

Of all the various kinds of slags there isjnone that appeorSmorc 
frequently crystallized than the sibcate of the protoxide of iron 
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above alluded to, which, as was first shewn in the Specimai Cry- 
aiaUographix AfetaSurgic^t is produced not only hy proccasea 
employed in the manufacture of malleable iron and steel, but 
by those also of coppcr-foun dries. Among the blast-furnace 
slags, too, are sometimes found such as are wholly cryatalline, 
partly foliated, partly radiated. Of this description is the 
Kieaelschmelz slags having the sfoechiomctrical relations of 
pyroxeoe, and bearing an extraordinary resemblance to many 
kinds of diopside in its external characters; and likewise a kind 
of slag which consists chiefly of a bisilicate of lime, and con- 
sequently resembles the Wullastonite in its composition. 

The slags most rarely found, are those .which are analogous 
to tlie rocks composed of various crystalline minerals, in which 
the ingredients of the fused entire mass have been separated ac- 
cordiug to the fixed relative proportions on its becoming solid, 
and by which the whole has become a union of different deter- 
minate combinations. A formation of this kind is sometimes 
presented by blast-furnace slags, in which crystals of kieselicfi- 
melx lie imbedded, in a foliated-radiated mass of pyroxene 
alags, so that the whole bears some resemblance to the ne- 
pheline dolerite, as described by Von Leonhard. In the 
crystalline slags cavities are frequently found, in wliich cry- 
stals are more or less perfectly formed, wherein the most 
perfect analog^' is displayed with drusy cavities in granite 
and other mountain rocks composed of silicates. Now, if we 
compare in general the phenomena observed on the slags com- 
posed of silicates with analogous massive rocks, it must appear 
remarkable, that among the plutonic mountain rocks, the cry- 
stalline structure preponderates; for we find the granular varie- 
ties by far the most abundant, the porphyri tic and compact being 
much less frequent, and the glassy scarcely found at all ; where- 
as in the volcanic masses the perfect crystalline structure is of 
rare occurrence ; the porphyritic as well as the coftipaet appear 
on the whole more generally, and even the glassy kind is not 
unfrequently met with. To this must be added another differ- 
ence, that a greater uniformity of internal structure belongs to 
the plutonic than to the volcanic rocks. Here again, there- 
fore, there is displayed a much greater analogy between the 
products of our melting furnaces and more recent products of 
the great subterraneous fire, than exists between the former 
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and earlier productions of the latter, n circumstance which ft 
ia easy to account for by ohservations made on the structure of 
slags. The plulonic rocks are manifestly formed by a very 
alow cooling ; and since their masses are partly of very large 
dimenaiona, the cooling might take on the whole a more uoi- 
form course, and cDiige<]ucnt1y produce greater uniformity in 
the internal structure. Towards their boundaries the plutonic 
massee display frequently the influence of a more rapid cooling. 
Hence granite and syenite on their boundaries have often a 
porphyntic character ; and the large-grained granite has soni» 
times a coating which ia fine grained, and passes into homstone. 
The volcanic rocks underwent, on the contrary, a more rapid 
cooling, and that, indeed, in proportion to the recency of their 
formation ; their masses, too, have usually a much smaller com- 
pass. Hence, in regard to them, we often observe in inconsider- 
able spaces a remarkable variety of internal structure ; hence, 
for instance, in vein-like masses of doleritc the interior is often 
crystalline, whereas the external part appears compact. 

An additional circumstance appears to have exerted special 
influence on the predominant crystalline formation of the plu- 
tcHiic masses, viz. the prevalence of silica. The formation of 
several silicates, which are distinguished for their great tendency 
to crystallize, as well as that of mica and felspar, was thereby 
eifected, and in case of an excess of silica, the entire mais 
might pass into crystalline combinations, the free silica hav- 
ing become sejraratcd in the form of quarts;. With a diminu- 
tion of the quantity of silica, came also into play, in the case of 
the plutonic rocks, a diminution of their tendency to cliemical in- 
dividuality and crystalline structure, as is observed in the hom- 
blendic and pyroxenic rocks. The same consequence undoidrt- 
edly ensued in the case of a very large sti[)erabuii dance of silica, 
whereby the formation of eurite and hornstone porphyry was 
chiefly occasioned. 

We shall now once more revert to the most usual kind of 
slags, viz. the glassy, in order to attain a more accurate ex- 
planation in regard lo certain phenomena in volcanic maaaes. 
The form and structure of these masses, as well as of the glaa^ 
lava, are entirely accommodated to tlic laws of common attrac- 
tion, and are consequently essentially different from tliat which 
appertains to crystallization. The chief form of the amorphoua 
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masses i» the globular. In favoiiralilc circumstances this fiirin 
appears very distinct in glafis)> slags. It displays itscIF on the 
free surface of blast-fumace slags, and is found likewi»(.- in 
every other kind of slags, for instance, in the melting processes 
of lead and copper. In like manner obsidian takes a globuUr 
shape, whether it be confined in small quantities like niareka- 
uite in pearlstone, or fonn, as in Iceland, whole streams of lava. 
The most regular form assumed by amorphous masses is that 
of hexagonal prisms. We conceive their formation to resemble 
the mutual flattening of equally large globes, placed in juxta- 
poeitiuD, occupying mutually such a station, that lines drawn 
through their centre form equilateral triangles. This structure, 
which every glass can assume, but which, however, is often 
found in such substances not glassy, as have passed from the 
fused into the solid state, is aonn'times foimd in perfection in 
dags. We may here and there indeed trace on their actua] 
surface the original transition from the globular formation to 
the perfect hexagonal prism, and at the same time understand 
how irregular prisms arise from a diSerence of magnitude in 
the adjoining spheres of attraction ; the same phenomena, which 
in certain drcumstonces are displayed on a grand scale in tor- 
rents of lava in common basalt, aod in various other ignigenous 
rocks. 

The formation of vesicular cavities in the slags merits parti- 
cular consideration, because, in regard to this, the most \)etfect 
aooJogy is displayed with what is jicrceived in many volcanic 
rocks, and especially in streams of lava. The vesicular struc- 
ture has in both cases a twofold origin ; either resulting from 
vapours and gases which, during the formation of the fused 
mass, were received by it ; or produced by a formation of va- 
pour which is to be ascribed to on accidental approximation of 
racHsture. The formation of cavities of the former kind has 
been already treated of, in the description of the appearance of 
iron and graphite in the vesicular spaces of blast-furnace slags. 
Where the latter cause exists, both slags and torrents of lava 
display the greatest number of cavities in places where they 
come in contact with a moist surface, and on the actual sur- 
face on which moisture was operating in one way or another. 
In tlie case of glassy slags, if water be poui'ed upon the sur- 



Professor Hausmann on MctaUurgkal P/unomena 
face of a vcsiciilar mass, it passes into a jwrous mass, which baa 
sometimes a striking resemblance to pumice that is formed on 
the surface of obsidian lava, when it comes in contact with 
water, as for instauce, with the water of the sea. As the vesi- 
cular cavities of slags and lava, guided by the motion of a more 
or less coagulated mass, are at the same time sometimes Sattened 
by pressure, and from the position of the longer axis of their 
figure approximate the eUiptic form, even in a state of solidity, 
continue to point out the direction of the torrent; in like man- 
ner, from the elongation of single particles of the glassy slags, 
as well as of pumice, arises the thread-like structure, which must 
not be confounded with the fibrous motlification of crystal- 
line separation. Another phenomenon appertaining to this claw, 
of similar origin to the spun glass, is found in glassy slags, vii. 
a loose complication of the most delicate glass threads. It ts 
sometimes found in the frames of blast-furnaces when the wind 
strikes it, and from the opposite current of air which is pro- 
duced in this way, many small globular slags are thrust into this 
shape and elongated. A similar phenomenon is sometimes pro- 
duced in volcanic eruptions ; on the island of Bourbon, for in- 
stance, in the year 1821, there was observed a shower of a^es 
consisting of the finest glass threads. 

We may now assume, as was formerly observed, that the 
igneous process of the earth has exerted a varying influence 
upon mountains also of a different origin. In this respect, too, 
a more intimate study of the productions of the foundry may 
prove instructive. Apart from the influence which the de- 
velopment of vapours, and the ascent of fused masses, must have 
on the position of those masses which form the vault of the 
grand subterraneous furnace, partly the heat, and partly the 
heterogeneous substances might have produced changes in 
them. The metallurgic processes give rise to phenomena which 
bear a striking resemblance to these substances. 

To the most remarkable changes which the heat of the melt- 
ing furnace produces in bodies which are affected by it, belongs 
unquestionably the softening of the hard grey limestone allud- 
ed to on other occasions (Gott. Gel. Anz. von 1816, p. 494), 
which is used as a building atone for blast-furnaces of some 
mining districts in Sweden, without losing its carbonic acid, or 
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undergoing any other perct'}ilible changes. Many phenomena 
displayed by the changes that have ensued in the position of 
the limestone strata, wutild not be explicable could we not as- 
sume their softening by means of heat ; an assumption greatly 
favoured by our experience. If in hlast-fumaces the pressure 
of the fluid masses effects the conservation of carbonic acid in 
limestone, the same consequence ensued to the lime strata from 
the great pressure of the sea. 

The heat of the melting furnace often produces in stones and 
other masses contained in their centre, lasting changes, of a 
perfect analogy to those displayed in mountain rocks, which, 
by some means or other, have come in contact with masses to 
which an igneous origin is ascribed. Clay-slate, which was used 
for constructing a hlast-fumare at Magdesprung, in the Anhalt 
territory, had, from long operation of the heat, without having 
become fluid, acquired an aspect like that of siliceous slate, an 
appearance very ranch resembling the rock which is often found 
in the neighbourhood of diabase, where this rock is in contact 
with clay-slate. The c)ianges have already been described (Gut. 
GeL Anz. v. 1816, p. 490-493J which sandstones in the wall 
cf the pit or of the melting furnaces undergo from the heat. The 
rocks pass into a more or less altered mass, by which the grains 
disappear the more the farther the heating effect progresses. By 
a sm^ler degree of the proce.ss the fracture appears dull ; by a 
liigher degree it assumes some lustre. The rocks become at the 
same time rough and sonorous, often quite resembling the 
quartK masses which are found in many districts ; for instance, 
Hear Caasel and Dransfield, in the neighbourhood of basalt. The 
■andstone usually loses the yellow or red colour, with which it 
is originally invested ; a process a])parently effected by the 
transformation of the hydrate of the peroxide of iron, or the per- 
oxide into the black oxide. In those places where the oxide of 
iron was more accumulated in the beds of clay or marl that are 
ibund in sandstone, there have arisen dark streaks or stripes of 
a heated appearance, in consequence of a greater concentration 
{£tbe black oxide of iron. Besides these changes, there is not 
■infrequently displayed in the building stones a division into 
prisms, which we have already mentioned. This entire series of 
phenmnena is sometimes visible in strata of sandstone, in spot* 
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where they are penetrated by a basaltic mass, as happmSi for 
instance, on the Blaue Kiippe, near Eschwege; on thePflaster- 
kautc, tiot far from Eisenach ; and at Wildenstein, near B&- 
dingen. The change in the sandstone seldom progresses so £Bur 
as to form a crystalline structure, as was found by me to take 
place in stones procured from the wall of an extinguished blast 
furnace on the Harz. The change in the sandstone may be 
traced from the point where it possesses a granular structure, and 
a yeUow tint, to where it becomes a completely compact altered 
grey mass ; and thence into a cellular crystalline mass, whose car 
vities are furnished vith small crystalline tables of a pearl-grey 
colour, with a pearly lustre, and a distinct cleavage, and whicl% 
before the blowpipe, may easily be melted to glass, aooompanied 
by some effervescence. The crystalline laminse have a resem? 
blance to mica. This phenomenon is, in a geological respect^ cC 
deep interest, inasmuch as it seems greatly to favour the oonjeo- 
ture that has been started in modem times, of the possibility, of 
crystalline rocks being produced from conglomerates and sand- 
stones under the influence of heat Whether sandstones alone 
have contributed materials to effect that transformation, or 
potash perhaps from the ashes of coal been superadded, by 
which the fusibility was augmented, and the formation of a 
crystalline silicate promoted ; at all events, this phenomenon 
may be considered analogous to the process that is found in 
many conglomerates, and in many sandstones, where the heat 
of masses that have ascended in a fused state has had influence 
upon them. 

It was incidentally observed in the former part of this treatise, 
that bodies which have been transformed into vapours by the heat 
of melting furnaces, sometimes penetrate in this form into stones 
and other masses with which they come in contact. Inconsequence 
of this circumstance, the qualities of the masses are sometimes 
completely changed. The following facts deserve to be men- 
tioned, as illustrations of this kind of transformation : — The 
basesofthemcltingfurnacesin the Upper Harz silver-mines, con- 
sisting of variegated sandstone, are sometimesentirely penetrated 
with vapours of the oxide of lead, which communicates to the 
sandstone a lemon-yellow colour. The quartz grains may still be 
partly distinguished ; a silicate of the oxide of lead, however, 
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has partly bwn fonned. which appoarB ht^e and there fuswl 
■iid vesicuhr. Sandstone from the lowest Blratuni of the raa- 
wnry over the frame of the blast furnace that was extinguished 
in the year 1823 at Elcnd in the Harz, had not only received 
a black, speckled appearance from the penetration of graphite 
in vapour, that had deposited itself in the form of powder, but 
even the originally solid mass was converted into thin undulat- 
ing, easily separable beds. Such observations render it highly 
probable that whole mountain masses have here and theregained 
a different structure from the penetration of vapours. Is it not 
probable that the oxide of iron, which penetrates mnuntain 
■nasMes in which layers of red ironstone are imbedded, may have 
gained access to them in the form of vapour ? and. May not 
the occurrence of the graphite which sometimes impregnates 
whole mountain strata, and is found concentrated in particular 
masses, lie explicable by the circumstance just mentioned ? 

Certain metallurgic productions have likewise elucidated the 
fact, that fuBCil mountain masses which have forced their way 
through others of an earlier creation might change later ones, 
Bot only by the heat which they communicated, but even by 
penetration. The penetration of litharge into the hearth of 
the refining oven is sufficiently known, and presents nothing 
striking, the mass Iieing porous. We observe an occurrence 
exactly an^ogous to this in a stream of lava, which, as it sweeps 
along a loose surface, penetrates into the earth. More worthy 
of Dole is the phenomenon which I remarked on pieces of the 
forepart of the building of an extinguished blast-furnace at the 
S tdn iCTnerh ii t te, in the Harz. Veins of a silicate of the black 
oxide of iron, resembling slags of the refining proces9,cross in dif- 
ferent directions the sandstone changed by the heat. The veins 
which ramify towards the sides are of different sizes, extending 
perhaps to half an inch, and have evidently ensued from the 
penetration of fused masses into the fissures of the sandstone. 
Here and there are vesicular cavities which appear partly lined 
with crystals of that silicate. The sandstone is, on the whole, 
loo«e, but becomes gradually more solid and altered as it ap- 
proaches the veins. The immediate boundary of ihe vein forms 
a solid mass of an altered appearance, and of a greenish-grey 
colour, varying in extent from the width of a few lines to the 
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size of several inchea» and completely transformed by the pe- 
netration of the silicate of the protoxide of iron ; in which mass 
too, the individual quartz grains of the sandstone may still be 
distinguished. The transformed sandstone is partly distinctly 
separated from the mass of the vein and partly amalgamated 
with it. These relations display a striking analogy with the 
phenomena, which accompany granite in several places, where, 
as takes place in the Harz, it is in contact with the greywacke. 
The chert which surrounds the granite, and which is often 
just as intimately associated with it as with the greywacke, 
appears to have been formed by the penetration of the mass of 
granite into the adjoining mountain rock. The most perfect 
amalgamation often takes place, but still the individual ingre- 
dients also are often visible, and distinct granite is found branch- 
ing away into the intimately blended mass. In the same pro- 
portion in which the crystalline structure of the granite disap- 
pears, the conglomerated nature of the greywacke comes more 
prominently into view. 

This parallel induces us, at the close of this inquiry, to di- 
rect the attention to still one particular, which has reference to 
the whole subject. The inconsistency, which a comparison of 
such diminutive phenomena as those of the processes of the 
foundry, with the gigantic organization of the earth's crust, 
might have for many individuals, disappears, as soon as we dis- 
tinctly perceive, that it is not absolute, but merely relative great- 
ness, that comes into consideration. A vein of lead-glance, a 
few lines in breadth, found in the wall of a melting furnace, has 
proportionally much larger dimensions, than the most stupen- 
dous veins of ore in our mountains : and if a piece of sandstone, 
a cubic foot in contents, he traversed by a fused body half an 
inch in size, which has, by penetration, caused the removal of 
the contiguous stone to the distance, it may be, of a few lines, 
or of several inches, the change eiFected here is of much greater 
importance than that which is perceived in the influence exerted 
by the granite of our Harz on the adjoining greywacke. If, 
then, in a melting furnace such effects could be produced by 
vapours, or in the filling up of fissures by means of fused masses, 
how much greater is the probability that similar phenomena 
might ensue from the ascent of vapours and fused masses from 
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tlip grand furnace of the earth P And here we may call ta mind 
the sentjment of Seneca, which tho§e who engage in geological 
researches should bear continually in remembrance : " Magna 
ista,quia parvi sumus credimus. Mulcis rebus non ex nature 
sua, sed ex humilitnte nostra, magnicudo est.'" 



'Memoir raacemitig tfii' Effect which the clearing of Lajul has 
in dimininhhig the QiioMltty uf Water in the Streams of the 
Diatrut. Ily M. Boussingault. 

WiiETUifR the labours of the agriculturist arc effecting any 
modification in the climates of the countries subjected to their 
dgency, is an intei-esting question which is now very generally 
canvassed. It is moreover inquired, whether the immense 
clearing away of woods in some districts, together with the 
draining of morasses, which exert so much sway over the dis- 
tribution of heat during the various seasons of the year, exert 
likewise an influence upon the streams and rivers which water 
the district, either by dimini^thing the quantity of water which 
falls, or by inducing a more rapid evaporation from the sur- 
face, when the wide spreading forest has been laid low, and its 
place been supplied by well cultivated fields. 

A variety of observations would indicate that such a change 
has been, and is being, effected. In many localities it has been 
thought manifest, that, for a certain number of years, the 
streams which were employed in propelling water-wheels have 
very sensibly diminished. In other places, many have been led 
to conclude that the rivers have become more shallow ; and the 
increasing extent of their beds, covered with pebbles on either 
tide, appear to attest the disappearance of a portion of their 
waters. Finally, many abundant springs are now almost dry. 
These observations have principally befen mailein valleys which 
4re surrounded by mountains ; and it has been thought appa- 
'Tent, that this diminution in the quantity of the waters, has been 
Jtcarly coincident with the epoch when tlie hatchet was employ- 
ed, without mercy or judgment, against the woods which were 
.widely distributed over the surface of the coimtry. 

These facts seem to indicate that in those regions where the 
process of clearing has been extensively carried forward, leas rain 
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falls tliaii formerly. This, in truth, is the opinion which most 
generally prevails upon the point ; and if admitted without fur- 
ther examination, we must iteceeearily yield to the conclusion 
that the clearing away of the forests diminishes the annual quan- 
tity of the rain which falls upon the district. Dut on the other 
hand, even allowing tiiat all the circumstances alluded to have 
been satisfactorily ascertained, still it has also been observed, 
that since the clearing of the mountains, the different torrents 
and rivers which seem to have lost a portion of their waters, oc- 
casionally manifest such sudden and extraordinary rises, that 
extensive devastations are the frequent consequence. It has 
likewise been observed, that after great falls of rain the springs 
which had almost entirely disappeared, suddenly rise with un- 
usual impetuosity, only to subside with corresponding rapidity. 
The natural inference from these latter observations, as will be 
at once perceived, is, that we arc not too readily to adopt the 
common opinion, and to admit that the cutting down of the 
woods diminishes the annual fall of rain : for it may not be at 
all impossible, not only that the actual quantity of rain has 
not variedj but that the quantity of water passing off in the 
running streams may be really tlie same, in spite of the appa- 
rent drought at certain periods of the year, both in the rivers 
and the springs ; and possibly the only difTerence will turn out 
to be, that the flowing of the same mass of water has, owing to 
the clearing, become much more irregular. In illustration, we 
may remark, that if the small quantity of water which is found 
in the Rhone, during a certain part of the year, was precisely 
compensated by a sufficient number of great floods, the neces- 
sary consequence would be, that it still conveys to the Me- 
diterranean the same volume of water which it did, at the 
epoch anterior to the extensive clearings which have been ef- 
fected near its principal sources, and when, probably, its mean 
depth was not, as it now is, subject to great variations. If this 
were actually the case, the existence of the forests would be at- 
tended witli this advantage, that they would in some degree 
regulate and equalize the flow of the water. But if, on the other 
hand, the whole annual quantity of the flowing water becomes 
leas as the clearing away of the forests extends, tlien the effect 
must be attributed either to the rains becoming less abundant. 
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nr lo i(* fva)xiratii>ii being promoted by the ground not bdiig 
covervil with ti-cce, sncl being thus deprived of shelter ftg^nst 
the sun's rays, and the wind. These two causes, which al- 
ways produce a similar eOec-t, must generally be combined. 
BeTore, however, endeavouring to estimate their influence sepa- 
rately, it will be proper sutistactorily to ascertain if it be irre- 
fragably established that the walir-courges of a country where 
clearing lias been extensively accomplished, are truly dimi- 
nished; and thus assure ourselves, tliat the mere appearance of 
the phenomenon be not taken forits reality. And after all, this 
18 the important point uf the inquiry ; for let it be once esta- 
blished, that the clearing of a country reduces the quantity of 
water in its running streams, the cause nf this diminution is nf 
secondary importance. We must now, therefore, inquire if we 
can find in nature a set of phenomena which will act as a cri- 
terion in resolving this question. 

I regard lakes, whether met with in plains, or in dificrent 
stages of mountain chains, as highly qualified to throw light 
upon this discussion. These may be considered as natural 
gauge*, calculated to assist in valuing, upon a great scale, the 
variations which may take place in the quantities of water 
which fertiUze a country. If the volume of these waters under- 
go any variation, more or less, it is manifest that this varia- 
tion, whether of excess or diminution, will be indicated by 
ihe mean level of a lake, inasmuch as its mean level varies 
at different times of the year, according as the season is wet 
or dry. Thus, the mean level of a lake will fall, if the an- 
nual quantity of running water In the streams of the district 
diminishes ; on the contrary, it will rise, if these streams become 
more copious, and, finally, the level will remain stationary, if 
ihe volume of water which runs into the lake experiences no 
change. In the following discussion, I have preferretl the use 
of those observations only which relate to lakes which have no 
outlet ; and the reason will be apparent, as we wish to ascer- 
tain changes, which may not be very considerable. However, 
I do not disregard such lakes as have an issue for their waters ; 
for I am certain that the study of such will also lead to very 
precise results. Before proceeding farther, I shall say n few 
words on the meaning I attach to the phrase, rhangc nflevif. 
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Geologists have observed, that in every region of the globe 
the level of the waters has undergone marked variations, whe- 
ther as it respects the coasts of the ocean, or the margin of 
great lakes. The fact is certain, and is now questioned by no 
one. There is not, however, the same unanimity as to the cause 
of the phenomenon. Some, and these the greater number, 
maintain that in most cases the change of level is only appa- 
rent, and that the masses of water have in no degree sunk, but 
that the shores have been uplifted. Others, again, recognise 
in the phenomenon a real diminution of the liquid mass, — a 
true drying up. Both of these parties adduce various reasons 
in support of their several hypotheses. On this occasion, how- 
ever, we are not called to enter upon this geological disputation. 
We shall have nothing to do with the sea-coasts ; nor shall we 
any more regard tliose great differences in the level which have 
evidently occurred in some lakes, as the result of certain geo- 
logical causes which are quite foreign to our present subject 
These variations, which are often very great, appear in gene- 
ral to have been cKcasioned by violent catastrophes, whidi 
have occurred anterior to the era of history. I shall make use 
then, only of those changes in the levels of lakes which have 
been observed by our ancestors, or our contemporaries ; or, in 
other words, I shall regard as valuable those events only which 
have happened under the inspection of mankind, and this, be- 
cause it is the effect of their agricultural labours upon the me^ 
teorological state of the atmosphere, that I wish to appreciate. 
America has been the principal site of the observations which 
follow ; whilst at the same time it will appear that what is true 
respecting the New world, is no less applicable to the Old. 

It will not be disputed that one of the most interesting dis- 
tricts of the kingdom of Venezuela is the valley of Aragua, ffl- 
tuated at no great distance from the coast, possessing a warm 
climate, and a fertility of soil which can scarcely be surpassed. 
In it we observe every species of cultivation which distinguishes 
the tropics ; and upon the lesser hills which rise from the val- 
ley, we observe with astonishment crops which remind us of 
European farming : corn grows admirably upon the heights 
which surround Vittoria. The valley is bounded on the north 
by the high land which forms the coast, on the south by the 
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chain of moiititains which separate it from Llanos, and both on 
Ifae east and west a range of hills completely eDclose» it. By 
this very singular eonfonnation, the rivers which take their rise 
within its enclustire have no is?ue, either towards the ocean or 
Otherwi^. Their witters, therefore, accinniilate in the lowest 
part of the volley, and form by tlieir iintoii the beautiful lake 
rof Tacarigua, otherwise denominated Valencia. This sheet of 
water, according to the lesliniony of M- de Humboldt, exceeds 
,ia dimensions that of Neufchatel in Switzerland ; it is elevated 
more than 1300 feet aliove the level of the sea ; its length is 
about thirty miles ; anil its grcatei«t breadth doea not exceed 
seven or eight. At the time when M. de Humboldt visited 
this valley, the inhabitants had long remarked the gradual dry- 
ing up of the waters of the lake, which had excited their atten- 
tion for thirty years. But, in truth, it it only necessary to 
compare the descriptions supplied by the older historians with 
its present stale, to recognise, after allowing the largest deduc- 
tions for exaggerations, that the waters have very comdderably 
fftUen. The facts themselves apak most distinctly. 

Oviedo,' who, towards the end of the fifteenth century, bo 
often traversed the valley of Aragua, positively affinns that 
New Valencia was founded in 1555, at the distance of half a 
league from the lake of Tacarigua; and M. de Humboldt 
found, in the year 1800, that the town was more than three 
miles (2700 toises) distant from its banks. The aspect of the 
district exhibits additional evidence of a great cliange. The 
ii«ng grounds, which are somewhat elevated above the plain, 
maintain to the present day the narae of islands, which, at a 
former period, was most accurately assigned to them, seeing 
they were ^lurrotinded with water. The space which has been 
exposed by the retreat of the waters has been transformed into 
must fertile fields for the cultivation of cotton, sugar-cane, and 
the banana tree. Those buildings which were reared in the 
immediate vicinity of the water are seen to be more and more 
forsaken by it. New islands made their appearance in the 
year 179(J. An important military post in the shape of a fort- 
ress, which was built in 1740 in the island of Cahrcra, is now 
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situated on a peniusiila. Lastly, in two ialands of granite, 
those, namely, of Cura and of Cabo-Blanoo, M. de Humboldt 
discovered, among the bramble-bushes, several yards above the 
level of the water, deposits of fine sand, containing many Atffi- 
cites. Facts which are so speaking as these, and withal so wdl 
ascertained, could scarcely fail of exciting the ingenuity of the 
learned on the spot, in the way of supplying explanations of the 
remarkable change ; and they all agreed thus far, that some sub- 
terranean conduit had been opened up, which allowed the waters 
to flow freely to the ocean. M. de Humboldt, when on the spot, 
paid all due regard to this supposition, and, after an accurate 
examination of the localities, came very decidedly to the con- 
clusion, that the cause of the diminution of the waters of the 
lake of Tacarigua was nothing more than the extensive clear- 
ing away of the woods, over the whole valley, during the 
course of the former half century. ^^ In laying low the trees,^ 
he observes, ^' which covered the tops and flanks of the moun- 
tains, mankind, in all climates, are, at one and the same time, 
entailing two great calamities upon succeeding generations; 
they are producing a scarcity both of wood and water.^ 

Since the time of Oviedo, who, like all the older chroncdo- 
gists, is perfectly silent concerning any subsidence of the wa- 
ter of the lake, the cultivation of indigo, sugar, cotton, and oo> 
coa, had been carried to a great extent. In the year 1800 the 
valley of Aragua maintained a population as dense as that of 
any of tlie most populous portions of France. The smiling 
prosperity which existed in the numerous villages which teem- 
ed with its industrious population, could not be witnessed 
without the greatest satisfaction. Such was the prosperous 
condition of this charming country when M. de Humboldt was 
sojourning in La Hacienda de Cura. 

After a lapse of twenty- two years, it was my lot afresh to 
visit the valley of Aragua. I fixed my residence in the small 
town of Maracay. I soon found that, for many years, the in- 
habitants had been remarking not only that the waters of the 
lake had ceased to subside, but, on the other hand, they aflirm- 
ed they were very decidedly rising. The lands which had 
been formerly occupied in the cultivation of cotton were now 
submerged. The islands of Las Nuevas Aparecidas, which 
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bad risen abuvo wat<;r in the y^ar 1796, had now becuiiie shal- 
lows, which were dangerous for navigation. The tongue of 
land near to Cabrera, at the northern side of the valley, was 
now so narrow, that the smallest rise in the lake altogether in- 
undated it ; and a steady hreezc frum the north-west wui^ sufli- 
cient to submerge tlie road which led from Maracay to Nucva 
\'alencia. 

The fears, which for to long a time had annoyed the inhabi- 
tants on its banks, were now altogether changed in their cha- 
racter; and they no longer dreaded the entire disappearance of 
the lake. They were now anxiously considering if these suc- 
ceseive invasions of the rising waters were about to overwhehii 
their properties ; and those who had explained the previous di- 
minution, by the existence of subterrantiean canals, were con- 
vinced they were now choked up, and that nothing would save 
them but reopening these conduits afresh. 

During the two-and- twenty years which had intervened, im- 
portant political transactions had occurred. Venezuela now no 
longer belonged to Spain. The smihng valley of Aragua had 
been the arena of the most bloody contests, and war and death 
had desolated those happy scenes, and greatly reduced the po- 
pulation. On tlie first cry of independence, a number of slaves 
obtained their liberty by fighting under the staJidard of the new 
republic. Its wide spreading cultivation was neglected ; the 
forest trees, so luxuriant within the tropics, had again in a great 
measure usurped dominion over that region, which its inliabi- 
tants, after a century of constant and painful labour, liad re- 
claimed. During the growing pnisperity of the valley of Ara- 
gua, the numerous streams which fed the take had been arrest- 
ed and employed in innumerable irrigations, and their beds 
were found dry for more than six months of the year. At the 
last epoch to which 1 have alluded, the streams being no longer 
so diverted, flowed without interruption. Thus, then, during 
the progress and continuance of agricultural industry in the 
valley of Aragua, when the process of clearing was pushed far- 
ther and farther, and when cultivation in every shape was ad- 
vancing, the level of the water gradually subsided. More late. 
ly, on the contrary, during a period of misfortune, and, we 

luld fain hope, but temporary, when the clearing was no 
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longer continued, and the cultivated lands have fallen back into 
their wild state, the waters having ceased to fall, and are noir 
very speedily assuniinj; a decided rising moveraent. 

I shall now direct my remarks to another quarter, without 
however leaving America, in which we find a climate analo- 
gous to that of Europe, and where we traverse immense dis- 
tricts producing tlie most valuable grains. I shall direct at- 
tention to the higher lands of New Grenada, and to those ele- 
vated valleys, from GOOO to 9000 feet above the level of the 
sea, which enjoy, throughout the year, a temperature of from 
680 to 62° Fahr. Lakes are freijuent among the Cordilleras; 
I might easily dwell upon many of these, but shall bring un- 
der review only those which have been the subject of previoui 
observations. 

The village of Ubata is placed in the vidnlty of two lakes. 
It is an important fact that, sixty years ago, these two sheets 
of water formed one only. The older inhabitants have obser- 
ved the waters gradually diminish, and their shores extend ' 
themselves year after year. Fields of com, of the greatest fer- 
tility, at the present time cover districts which thirty years ago 
were completely covered with water. The falling of the mean 
level of this lake will the more readily be credited by the 
consideration, that an occasional fall of three or four inches 
lays bare a great extent of surface. If we inquire in the 
neighbourhood of Ubata of any of the old men, who in their 
younger days were devoted to the chase, or if we examine 
the records of any of the different parishes, no doubt will re- 
main that niunerous forests have been felled. The clearing 
still goes on ; and it is equally certain that the retreat of the 
water has not ceased, though it docs not advance so rapidly as 
it was wont to do. 

The lake of Fuquena, in the same valley, and to the east of 
Uliata, deserves marked attention. By barometrical measure- 
ments, made with the greatest care, I have found that its wa- 
ters have precisely the same elevation as those of Ubata, It is 
now nearly two centuries since this lake was visiled by Don 
Lucas Fernandes de Piedrahita, Rishop of I'anama, to whom 
we are indcbteti for the History of the Conquest of New Gr&. 
nada. This author, whose accuracy I have frequently had oc- 
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ciuion to admire, and more especially as it respects distances, 
git-es the length of ttie lake Fuqueoa at ten leagues, and its 
breadth at three. By a very happy coincidence, Dr Roulin a 
few years ago had occasion to construct a plan of this same 
lakp, and he found the dimensions to be a league and a half in 
lenf;tb nnd half a league in breadth. 

It may be conceived by some, that the dimensions adopted 
by I'iedrahita arc exaggerated. But this is not my opinion ; 
and, su])porting myself on the one side by my baronietrical ob- 
servKtiuns, and on the other by the silence which all the an- 
cient historians have maintained respecting the lake of Ubata, 
a silence which is the more remarkable, since they have de- 
scribed far less considerable bodies of water, I am indined to 
believe that, at the time that the Bishop of Panama visited this 
country, there existed only a single lake, which extended with- 
out interruption from Ubata to Fuquena. In this view the 
calculation of Piedrahita is in no degree exaggerated. At any 
tat«, tile fact of the retreat of the waters is much more import- 
ant than the estimate of the extent of surface which is left bare, 
a fact which is not questioned by any one. All the inhabitants 
of Fuquena know well that the village was built quite close to 
the lake, and now it is about three miles distant from it. In 
former times, it was an easy matter to procure timber for build- 
ing in the environs of Fuquena. The mountains, which rise 
un all sides of the valley, used to be quite covered to a certain 
height with the trees peculiar to these elevateil regions. There 
was the Cordillera oak (encinos) in abundance; and also a great 
many laurels (myrica), from which great quantities of wax were 
procured. Now the mountains are neariy entirely bare ; which 
great change is chiefly owing to the working the salt-springs of 
Taosa and Enemocim. To all these authentic facts, whoso 
number might be increased, it may be repbed, that the disap. 
pcarance of the water, however inconlestiblc, might possibly 
have occurred had there been no clearing of the ground ; and 
it might be contended, that their failure is owing to a wholly 
different, though it may be an unknown cause ; and so must 
be ranked amongst the many phenomena whose existence is as- 
certained, though any thing like satisfactory explication is be- 
yond our power. 
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It is true I cannot adduce here, as I did in the former case 
of Lake Valencia, a returning increase of the water on the sus- 
pension of the cultivation, and the renewed appearance of the 
woods. T may, however, procure some support for the opinion 
I am propounding, from the extreme slowness of the present 
desiccation of the valley of Fuquena, since there have been no 
more forests to cut down. The cultivators of the soil perceiv- 
ing that there is no longer the same retiring of the waters as 
formerly, and a corresponding appearance of land, have been 
thinking of some more direct method than the clearing by which 
they might attain the same end. It was with this object that 
some speculative individuals thought of a plan by which they 
might drain off the whole water, by cutting a deep water-course. 
But, instead of dwelling on such speculative points as theae, I 
shall here adduce a direct proof; and I believe it may be Ibund 
in continued attention to the same class of phenomena we have 
been dwelling on. I proceed, therefore, to demonstrate, that 
those lakes which are so circumstanced that no clearing has ever 
taken place in their environs, are not subjected to any alteration 
of their level. 

I begin with the lake Tota, because it is not far distant from 
Fuquena ; also because these two arc in very similar circum- 
stances in a geological point of view ; and finally, because it is 
the most curious lake that is to be met with throughout the 
whole of New Grenada. 

The lake Tota is situated at a great height in the Cordillera 
of Sogamoso. Its elevation is above 12,000 feet. At this 
height vegetation almost entirely disappears. Here and there 
we perceive, scattered over the sandstone rocks, some of the 
plants which characterize the region of the Paramos,* viz. Saxi- 
frages and Freglejonas, covered with a thick down, and gra- 
minese not unlike dry straw, which have led to the name of Po- 
Jofiales being applied to the open savannahs. The lake is near* 
ly circular^ and Piedrahita, who visited it in the year 1652, as- 
signs two leagues as its diameter. Its waters, when they are 
roused by the wind,fonn waves which make its navigation dan- 

* The regions termed bj the Spanish inhabitants ParamoB extend from a 
height of 1500 to 1800 toises ; and are wild desert districts, exposed to grett 
vicissitudes of weather Edit. 
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l'|ferou3. According tu ii traditiuii which is much older than the 

I discovery of America, a marine monster niaiiitained its residence 

I in Ous lake, and it had the credit of agitating the waters, and 

IniakiDg them overflow the road which skirts its margin. 

I Some individuals of the highest credit have assured me, that 

I they themselves have witnessed on the surface of the lake, not 

I'Uie real monster the Indians describe, but u mass of water itud- 

I deoly elevate itself, and communicate as it fell such an agitation 

I to the liquid mass, that the waves quite inundated the road 

I which travellers are in the habit of frequenting Inlhisaccount 

will l)e readily recognised a phenomenon analogous to the famous 

seiches of the Lake of Geneva. The Indians pretend that they 

i can predict, from the appearance of the atmosphere, this agi- 

I Ution of the water, or, as they express it, when it is going to 

I be angry, and hold it is then prudent to delay their journey. 

In the year 1652 the road skirted, as it still dues, the margin 

of the lake, and the seichcSy which occurred then as frequently 

sa they do now, often made tlie journey sufficiently dangerous, 

1 a* it is confined between the lake and ft wall of elevated rocks. 

I The waters lave the said rocks, and their level has undergone 

I no more change than the sterile and desert country which aur- 

I rounds them. 

I It may here, perhaps, be objected, that I ought not to have 

I introduced, as an element in this discussion, the description of 

I ■ lake which is situated on the extreme limit of vegetable es- 

B isteace. In the apprehension, then, that the instance I have 

I selected, inasmuch as I regard it a striking one, may be set 

I wide for the reason it exists in a locality composed of rocks and 

P almost denuded uf vegetation, I shall supply the description of 

some others, which are less elevated than is Tota, and whose 

waters have remained stationary for ages, althougli they are 

placed in the centre of a rich country, whilst at the same time 

its agricultural aspect has undergone no change, I have exa- 

[ mined some such near the equator, in the province of Quito. 

On leaving Ibarra to go to Quito, we traverse a delightful 

I volley, in which we meet with the lake San-Pablo, to which 

\ the Indians continue its ancient name Chilcapan. I fotmd 

as elevated about 8500 feet above the level of the ocean. 

The temperature corres|jonding to this height no longer admits 
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the cultivation of wheat or of maize, but instead, we peroeive 
numerous fields of barley, oats, and potatoes. The lower parts 
of the country consist of the richest pasturage, and the hills are 
covered with sheep, which are reared for the sake of their wool, 
which supplies the extensive cloth manufactures of the district. 
The numerous villages which border on the lake existed even 
previous to the conquest ; the great mass of the population is 
still purely Indian ; they still preserve their old customs and 
their idioms ; and, in short, matters appear in much the state 
they were under the empire of the Incas. The only essen- 
tial difference, perhaps, which it would be possible to point 
out is, that the rearing of sheep has been substituted for that 
of the lama, although these latter animals are still by no means 
uncommon. On the public roads we frequently encounter 
droves of these lamas, under the directions of the Indians who 
attend them, and who by their means transport their merchan- 
dise from place to place. It is a fact admitted by every one, 
that the steppe of San- Pablo from time immemorial has never 
been wooded. Even under the Incas it was pasture-land. 
Folds for sheep, which were reared on the lake more than a cen- 
tury ago, are witnesses that the waters have in no degree re- 
ceded. The route, too, which Huayna-Capac followed, when he 
left Quito to undertake the conquest of Otavalu, marks to the 
present day the limits of the water. 

The Cordillera which separates the valley of San Pablo from: 
the coasts of the Southern Ocean is covered, upon the eastern 
slope, with tliick forests, which are almost impenetrable. I 
note this circumstance, because I have the strongest conviction 
that an extensive clearing of wood, were it to take place even 
on a lower level than an alpine lake, and at a considerable dis- 
tance from it, would still exert an influence over the mean level 
of its waters. 

We may here also notice, without removing from the locali- 
ty we have thus introduced to notice, the singular lake of Cui- 
cocha, which occupies a trachytic basin, in which two islands, 
which have been examined with much care by Colonel Hall, 
attest the stability and the uniformity of its level. The study, 
likewise, of the lake Yaguar-Cocha, or the Lake of Blood, so de- 
signatetl since Huayna-Capac dyed its' waters with the blood of 
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80,000 Canara Indians whom he there slaughtered, would lead 
to a dmilar result. Neither of these lakes have any outlet. 
Instead, howler, of dwelling upon them, I shall in preference 
aelect Chilcapan lake, and especially because it has a natural 
issue towards the north, whence rises the river Blanco. I wish 
to diew by this selettion that, as I remarked at the commence- 
ment of this discussion, those observations which are made upon 
bodies of water with such outlets nre not to be neglected. The 
effect we might expect to be produced by a stream issuing from 
a lake is, that the stream would deepen its furrow, and conse- 
quently lower the waters, I have, however, observed that, in 
sfHte of this circumstance, the level of Lake Chilcapan lias not 
been sensibly lowered. In attentively examining thetrachytic 
rock in the spot from which the river Blanco takes its rise, I 
have not been able to recognise any indication of the water 
producing an eroding effect. It is also true that, in the nume- 
fous cascades which I have likcvnse examined, I have found 
that a mass of water, by being precipitated rapidly, wears away 
the hardest rocks. But I repeat, that I have not been able to 
observe tliat the wearing effect of the water was at all appre- 
ciable when it flowed steadily over a rock, and when the water 
current did not draw along with it, as is very generally the 
case in mountain streams, pebbles, whose continual friction 
can scarcely fail to wear the surface of the rock over which 
they glide. 

lahallconclude what I have to observe concerning the lakes of 
South America by a few remarks upon the one call«l Quilatoa, 
because it has been accurately examined at two epochs, which 
are sufficiently distant from each other, the one being the year 
1740, and the other 1831. 

In travelling to Lutacunga, a town situated at no great dis- 
tance from Cotnpaxi, a great deal is often heard of the wonders 
of the Lake of Qutlaloa. From time to time this lake throws 
out flames, which envelope the shrubs on its edge ; and it like- 
wise produces frequent detonations, which are heard at a great 
distance. These statements were more than sufficient to in- 
duce M- de la Condamine, who was at Latacunga in Sep- 
tember 1738, to undertake an excursion to it. He found 
it was almost circular, with a diameter of about 400 yards. 
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The waler was about 120 feet below the level of its abrupt 

margin. 

It happened that I, too, found myself in the n^ghbourhood 
of this same lake in the month of November 1881. It cannot 
be compared to any thing so accurately as to a crater, the 
bottom of which is tilled with water. I found that it was ele- 
vated 11,800 feet above the level of the sea, and hence was in 
the cold region, ft is surrounded with immense pasture- 
grounds, and 1500 feet below it there are the sheep-folds of 
Piliputzin. To the east, the Cordillera which descends to- 
wards the coast is covered with forests which are almost unknown. 
The information which the shepherds who live in its vicinity 
gave us had little in it of the marvellous so often associated 
with it They had never witnessed any flames issue from its 
waters ; nor had they ever heard any detonations. The result 
of my excursion to this lake was the observation, that all things, 
so far as level was concerned, were in the state they had been 
at the epoch of M. de la Condamine's visit. 

The study of the lakes which are so numerous in Aus, 
will probably lead to a residt, in every respect conformable to 
tliat which has been deduced from the observation made in 
South America, viz. that the streams which water a country 
diminish in proportion as the clearing of it advances, and its 
cultivation extends. The recent labours of M- de Humboldt, 
who has supplied so much valuable information on this portion 
of the globe, aeem to leave little doubt on this point. After 
having shewn that the system of the Altai range extends by a 
succession of hills, into the Steppe of Kirghiz, and that, con- 
sequently, the Oural chain is not connected with that of the 
Atlai, as has been generally supposed; this celebrated geo- 
grapher demonstrates, that precisely at the place where we 
have been in the habit of placing the Alghinic mountains, a 
remarkable region of lakes commences which are continued 
into the plains which are traversed by the riverB Ichim, Omsk, 
and Ob. (See his Fragmens Asiatiques, t. i.) It might not be 
too much to say that these numerous lakes are the residue of the 
evaporation of a vast mass of water, which, in ancient times, 
covered the whole country, and which has been broken up into 
»o many separate lakes, by the configuration of rhe surface. In 
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crossing tlie steppe of Daraba, that lie iiiiglit reacli Burnauul 
Irom Tobolsk, M. de Humboldt ascertained that the process uf 
desiccation was every where greatly augmented by the effects of 
cultivation. 

Europe aJso possesses its lakes, and these we have still to 
examine io relation to the subject before us. My own progress 
.through Switzerland was much too rapid to allow me sufficiently 
to attend to the light these waters throw on this interesting 
point. My regret, however, is the less severe, as fortunately 
a most illustrious observer has left some valuable documents 
which supply new proofs of the influence of cultivation upon 
tbe diminution of the quantity of water in the district. 

Saussure, in his first researches concerning the tenij)erature 
,of the Swiss lakes, examined tliose which are pluceti at the f(N)t 
of the lowest line of the Jura range. The lakeof Neufehatel is 
dght leagues long, whilst its greatest breadth does not excee<l 
two leagues. In visiting this lake. Saussure was impressed 
irith the conviction that its limits at an early period must have 
been much more extensive ; for, says he, the great level meo- 
_dowg, and the swamps which terminate at the south-west ex- 
tremity, have undoubtedly been covered with its waters. The 
Jake of Bienne is three leauges long and one broad. It is se- 
jiarated from that of Neufcliatel by a succession of plains which. 
Id all appearance, were formerly under water. The lake Morat 
is also separated from Neufchatel by a level morass, which no 
one doubts was formerly submerged. Formerly, then, says 
Saussure, the three great lakes of Neufchatel, Bienne, and 
Morat, were united in one great basin. In Switzerland, then, 
as in America and Asia, the ancient lakes, which we may dis- 
Jtinguish as the primitive ones,— those which occupied the lower 
portions of the valleys, when the country was wild and unvulli- 
'.vated. have subsequently been separated into a certain nunibci' 
of independent ones, by the drying processes to which it has 
been subjected. 

I, shall terminate my task by availing myself, in this discus- 
sion, of the observations of Saussure upon the lake of (leneva. 
This interesting object was, as it were, the spot from whence 
the celebrated philosopher commenced his inmicnse labours. 
No one ever studied it more deeply than he did. 
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Saussurc admits that, at an epoch much anterior to the times 
of history, the inountains which surround the lake were buiied 
under water. Some vast catastrophe occasioned a gT^at dis- 
ruption, and speedily the current of waters occupied no greater 
space than the bottom of the valley : in short the Lake of 
Geneva was then formed, But turning from this to the monu- 
ments which have been constructed by man, it is impossible to 
doubt that, during the course of twelve or thirteen centuries, 
the waters of the Lake of Geneva have considerably retired. 
This is evident from the flat shores it has left near its margin ; 
and even in the town itself, the Quartier de Rive, and the low 
streets, have been built upon such sites. This lowering of the 
surface, continues Saussure, is not the result only of the wear- 
ing down of the channel whence its waters issue, it has likewise 
been produced by a diminution of the quantity of the waters 
which flow into it. The general result which may be safely drawn 
from the observations of Saussure is, that during the period of 
twelve or thirteen centuries, the running streams have gradually 
diminished throughout the districts in the neighbourhood of the 
Lake of Geneva. And there is noone, I beUeve, will dispute that, 
during that long period, there has been vast clearing sway of 
wood, and a rapidly increasing advance in the cultivation of this 
beautiful country. Upon the whole, by the examination of (he 
levels of lakes, we have arrived at this conclusion, that in those 
countries which have been extensively cleared, it appears very 
probable that there has been a diminution of the running 
streams which flow through the district ; whilst, on the other 
hand, where no great change has been effected in this way, the 
streams have been subjected to no variation. 

Great forests, therefore, in the point of view we are now re- 
garding them, appear to have the effect, first, of preserving 
the volume of water destined for the use of machines and c^ 
canals, and then to be an obstacle to the rain water collecting 
and running off wirh too much rapidity; being at the same 
time an obstacle to evaporation. That a surface covered with 
trees will not be so favourable to evaporation as a well wooded 
one, is what every one will admit, without discussion. But 
that the difference of these two conditions may be adequstdjr 
appreciated, it is necessary that the traveller should succesaveljr 
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pus ilirougli a country which has been cleared, and one which 
has not, some time after the rainy season is iiver. It will then be 
seen that the portion of his journey in the forest is still cover- 
ed with mud, while those in the open country are completely 
dried. It is especially in South America that the obstacles t<> 
evaporaiiun, in a region shaded with thick forests, arc con- 
spicuous. In these situations the humidity is perpetual, even 
long after the rainy season is passed. The paths which are 
formed through them are, during the whole year, nothing better 
than sloughs ; and the only methotl of drying these forest 
roads, is to make them as broad as SOO or 300 feet, which, in 
fact, is a mode of clearing them. 

When it is once admitted that the running streams are di- 
minished, as the result of clearing, it may then be important 
to examine whether this diminution arises from the quantity of 
rain being lessened, or from the greater evaporation, or finally 
if it be oning to irrigation. 

I have already admitted, at the commencement of this paper, 
that it was nearly impossible to atisign any exact proportions to 
these different co-operating causes. I shall, nevertheless, in 
conclusion, endeavour to appreciate their respective influence in 
a general way- And the discussion will subserve one import- 
ant object, if I prove that there may be a diminution of the 
running streams from the clearing alone, without the simulta- 
oeouB action of the other causes. 

First, With regard to irrigation we may remark, that it is 
necessary to distinguish between the case where extensive cul- 
tivation takes the place of a forest, and that in which a sterile 
district which was never wooded becomes cultivated under the 
effiirts of human industry. In the former case it is probable 
that the irrigation -will contribute little or nothing in effecting 
any alteration in the mass of running water ; for it must be 
generally admitted that the quantity of water consumed by the 
V^^etation of any given surface of forest, must equal, if it does 
not exceed, that which would be absorbed by an equal surface 
devoted to culture after it has been cleared. From this it fol- 
lows, that the influence exerted by this cultivated district cor- 
responds to the condition of lands which have been cleared, 
acting solely by favouring far the evaporation of the rain- 
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water. !u the ktter case again, tlial is to say, where a great 
extent of uncultivated land shall have been reclaimed, then; 
will l»e an evident consumption of water hy the vegetation 
which has been there promoted ; and the introduction of agri- 
cultural industry will, under these circumstances, tend to di- 
minish the watercourses which traverse the country. It is 
very probable that we are to attribute to this circumstance (he 
gradual drying up of the lakes which to a certain extent gauge 
the running streams of the north of Asia. It is almost useless 
to add, that, under circumstances of this nature, the effect pro- 
duced by the simple evaporation of ihc rain-water is not aug- 
mented ; on the contrary, it ought to be rather less, for on a 
soil covered with plants water will not so readily evaporate as 
on one destitute of vegetation. 

Again, in the considerations I have supplied concerning the 
lakes of Venezuela, of New Grenada, and of Switzerland, the 
disappearance of a part of the flowing streams, which are 
tributary to these lakes, might be attributed simply to a more 
limited fall of rain ; whilst, on the other hand, with quite a^ 
much reason, it might be maintained it was the consequence 
solely of the more rapid evaporation of the rain-water. Beyond 
doubt there are circumstances under the influence of which the 
diminution of the streams is the result simply of a more active 
evaiwration, I meant to have produced a good number of 
examples bearing on this point. But in a discussion of this sort 
it is not so much numerous, as well authenticated facts, that 
it is important to supply. Influenced by this consideration, 
I shall limit myself to the production of two facts ; the one de- 
rived from M. Desbassyns of Richeroond, who observed it in 
the isle of Ascension ; and the other drawn from my own notes, 
being one of the observations I made during a sojourn of many 
years at the mines of Marmato. 

In the island of Ascension a beautiful spring has been no- 
ticed situated at the foot of a mountain which was originally 
wooded ; by degrees the spring was less copious, — at length 
failed; during this process the forests were cut down, and 
the mountain was cleared. The disappearance of the spring 
was attributed to the clearing. The mountain was again 
planted, and after a few years the spring reappeared, be- 
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«'iime gradiialty more productive, and finally was as cupious as 
ever. 

The metalliferoUB mountain of Marmato is situated in the 
province of Popayan in the midst of immense forests. The 
stream of water upon which the stampers are placed is formed 
hy the union of many small brooks which take their rise on the 
plateau of San Jorge. The whole environs of the establish- 
ment are thickly studded with wood. In the year 1896, when 
1 for the 6rst time visited these mines, Marmato consisted of 
some miserable huts possessed by a few negro slaves. In 1830, 
the epoch at which I quitted this locality, Marmato exhibited 
the most exhilarating appearance. There were now seen great 
work-shops, a foundry for gold, and powerful machines for the 
division and amalgamation of this precious metal. There was 
now a free population of nearly 3000 inhabitants settled on the 
mountain side. All this implies that the wood had been exten- 
sively cut down for the manufacture of the machines, the con- 
atructiun of the buildings, and the preparingof charcoal. That 
it might he the more easily carried, all this was done upon the 
plateau of San Jorge itself. The clearing ha<l been going on 
for scarcely two years, when it was noticed that the quantity of 
water which was required for the machines had conspicuously 
diminished. The volume of water is in fact measured by the 
work which the machines perform ; and trials by gaging at 
different times have likewise proved the diminution of the 
water. But this is at Marmato an all-important subject, for 
a diminution of the fluid moving power is always followed by 
a diminution in the production of gold. 

In these two cases, of Marmato and Ascension, it is not at 
all probable that an extent of clearing so local and limited could 
have such an effect upon the meteorological condition of the 
atmosphere, as in any degree to vary the annual amount of the 
rain which falls throughout the country. But the question need 
not be left in this uncertainly. At Marmato, as stwn as the 
diminution of the supply,of water was ascertained, a rain-gauge 
was established ; and it was found, by the observation of tlie 
t>erand year, that a greater quantity of rain had fallen than 
during the first, although the clearing had been continued, 
and there was no appreciable inereasc of the quantity of water 
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at the wheels. Two years of hydrometrical observations are 
BufGcient even in the tropics to exhibit the variadon in the an- 
nual quantity of rain ; and the observations at Marmato esta* 
blish that the mass of running water has diminisheil at the very 
time tliat the quantity of rain had increased. 

It is then probable that local clearings of no great extent may 
diminish the copiouisnesB of s-prings and rivers, and even cause 
them to tlisapiwar, and under circumstances where these effects 
can in no degree he attributed to a diminution of the fall of 
rain. 

Finally, We have still to examine if the extensive clearing of 
forests, extending over considerable districts, has any effect in 
making the rain less copious? In reply, we remark, that it is 
only hydrometrical observations that can lead to ihe solution of 
this question. And unfortunately the observations of this sort, 
which might be at our command, do not reach back far enough ; 
and, so far as Europe is concerned, they were not commenced 
till the whole clearing process was well nigh over. The United 
States of America, however, where the forests are disappearing 
with astonishing rapidity, may perhaps supply the required data 
at no distant period. 

In studying the phenomena of rain under the tropics, I have 
at length formed, in connection with this question of clearing, a 
very decided opinion, which I have freely communicated to 
many. I regard it certain, then, thata very extensive clearing 
diminishes the annual quantity of rain which falls upon a couD- 

"y- 

It has long ago been remarked, that, in equinoctial r^ons, 
the ep<x;h of the rainy season returns every year with astonish- 
ing regularity. This is most true; whilst at ihe same time 
this meteorological fact ought not to be announced in terms too 
general. There is the greatest possible regularity in the al- 
ternation of wet and dry seasons, in those countries whose terri- 
tory is very much varied. Thus, a country which at once ex- 
hibits forests and rivers, mountains and gieat plains, lakes and 
extensive table lands, will at the same time exhibit periodic 
or changing seasons with a regularity which is quite rentark- 
ahle. This, however, is no longer true if the territory be more 
uniform, and if i( become in any way ]>ei.'uliar. The epoch of 
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the return of the rainy season will be much less regular if the 
face of tJie country be exposed and arid ; also if cultivation to 
a great extent has partially taken the place of forests ; and fi- 
nally, if the rivers are less common and the lakes more scarce. 
The rains will then be much less abundant, and, in such coun- 
tries, droughts of long duration will from time to time be 
experienced. If, on the contrary, thick forests nearly entirely 
cover the whole territory, if the rivers are numerous, the cul- 
tivation be but limited, then the irregularity of the seasons will 
still manifest itself, but with quite a different character. Rain 
will then predominate, and in some years it will become, so to 
speak, continual. 

The continent of America presents to us, in immense exteot, 
two regions which are placed under the same conditions as to 
temperature, and in which we successively meet those circum- 
stances which are the most favourable to the formation of rain, 
and those which ure of directly opposite character. In leaving 
Panama, and travelling towards the south, we pass the Bay of 
Cupica, the provinces of San Buena Vantura, of Choco, and of 
Esmeraldas. In this country, covered witli thick forests, and 
furrowed by a multitude of rivers, the rains are almost unceas- 
ing. In the interior of Choco no day passes without rain. 
On the other side of Tumbez, towards Payta, an entirely dif- 
ferent set of objects present themselves. The forests disap- 
pear, the soil is sandy, and of vegetation there is scarcely a ves- 
tige. Here rain, so to speak, is unknown. When I was at 
Payta, according to the testimony of the inhabitants, it had 
not rained for seventeen years. This want of rain is common 
in all the countries which border on the desert of Sechura, and 
extends as far as Lima. In these countries rain is as seldom 
seen as are trees. 

Thus, in Choco, whose soil is covered with forests, it rains 
continually ; on the coast of Peru, the soil of which is sandy, 
devoid of trees, and destitute of verdure, it never rains; and 
this, as I have already said, under a climate precisely the same 
as to temperature, whose exposure and distance from the moun- 
tains is very nearly the same. Piura is not at a greater dis- 
tance from the Andes of Assuay, than are the humid plains of 
Choco from the western Cordillera. 
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The facts which 1 have detailed in this memoir seem lu ev 
tablish, Ist, that the extensive clearing of a couutry dimioiahes 
the quantilyof running water which flows over its surface; 2dly, 
that it is impossible for us to determine, at present, whether 
this climinutioii is owing to a enialler annual quantity of rain, 
or to an increased evaporation of the surface-water, or to those 
two causes combined ; Sdly, that the quantity of running water 
does not appear to have varied in countries which have not been 
subjected to any changes ansing from the progress of cultiva- 
tion; ithly, that, independent of the preservation of surface 
water, forests husband and regulate their flow ; Sthly, that 
cultivation, when established in an arid country, which is not 
covered with forests, dissipates a [>ortion of its running streams; 
6thly, that, in clearings which are purely local, springs, may 
disappear, without there being any ground to conclude that the 
annual quantity of rain has diminished ; and 7thly, that, draw- 
ing our conclusions from the meteorological facts collected in 
njuinoxial regions, we may presume that the extensive clearing 
of a country diminishes the annual quantity of rain which falls 
upon it. 



On tiu Tree whkh produces the Gamboge of Commerce. 
Uy Robert Wight, M. D. With Remarks, by Dr 
Gbabam. 

I AM Induced to request a place in the Aladnu Joumat, for the inKrlian 
of a few rcmarka on the tree which produces the Gamboge of comtneru^ In 
eonscquenee of the following observationa on it by Dr Graham, Profeaiar of 
Botany in Edinburgh, communii-ated by him in a letter dated I2th IlibKh 
IB36: " tn conaequeni/e uf having receired specimens from Mra Walkerof 
the tree which in Ceylon yields ganlioge, I have been attending to the sub- 
ject lately, and on Klonday lost, read eome observations to the Royal Sodety 
of Edinburgh about it. I have been obliged to diaseat wholly froui Amolt 
and you, tliat it Is the Saathochymut ovi^i/oliia, and Amott now agrees with 
me so &r, but be has Ikllen into at least us great a blunder. It is undoubted- 
ly, aal think, the GaTcinia (Mungoatana, Goirt.) Morella of Desmusseaux and 
Gicrtner. Amott now thinks it Gamnia Zcijbmica, which it cannot be, if 
Roxburgh describes this with any decree oftrutb. In lad Ibe Garania Morella, 
which I have said it is, is no Garciaia. Murray saya the ttveiatheStal^gmilii 
eambegioidet, but bis description will nut apply to my plant, from which I have 
a great quantity of cKcctlctil (■amboge. 1 have sent a speciniui to Mr Don, 



tht Gamboge ufCvmmerec. 107 

( ivqueal Ihal he will compire it with the specimen! in the Uanksiaii Herba- 
rium, from which ilurmy'a dMcription wus tnten. II' the same, Ihc generic 
name Sti'lagtaitu oibt yet be reUinnl, ftnJ the ileacription onlv nltered. If 
nut the same, it must furni the type of a new genus, lo which I find Gar^uia 
ttiiplica of Wallit'h also belongs. It is especially chancleiteed by the sU- 
mens, uf which I send you a figure." 

The point on which Dr Grnham finds il necessary wholly to di.'aenl from 
(IS, is thus briefly stated at page 103 of Ihe Prudronius : " Theri' can now be 
tittle doubt of this (Xanlhochgnnu ovaii/itliiu) being the only plant in Ceylon 
that yields gamhi^ fit for the artii, and chat, consequently, the specific name 
of Gambogia ffutia, Linn., ought to ha^e licen applied to this species, and not 



The evidence contained in Dr Gmbam's letter seems so completely lo in- 
validate the correctness of our statement, that it might appear useless to at- 
tempt any refulMion; yet I am not satistied that he is eillier wholly right, 
or that we are wholly wrong. I do not think him right in considering the 
tree of which be bos got specimens, as the only one that produces gamboge 
lo be used in the arts, nor do I think it is tiie one which produces the true 
Ceylon gamboge. I do not think so, because it has been long and well-known 
that there are two sorts in use, — one from the eastward, Sinm, Cambogla, 
China, — and the other from Ceybn; the latter considered inferior to the Ibr- 
nier. The gamboge from the tree In question, specimens of which I bate 
■een, is apparently of the best quality, and much superior to the common 
Ceylon gamhoge, having a fine, rather light colour, and glassy fmcture. The 
true Ceylon gamboge is darker coloured, and mixed with dark brown spots. 
The Ceylon tree which produce* the fine gamboge is tare, as Colonel Walker 
informs me he has only met with it in one place, and that an old garden near 
a former Dutch settlement, not &rlrom Negombo. It cannot surely be sup- 
posed, that a tree so exceedingly rare as this U represented, can be the one 
which affords all the gamboge produced in that island j still leas so, when it 
is home in mind, that that obtained from it diSers in quality from that 
usually produced there, and known in commerce under the name of " Ceylon 
Gamboge." From the'e facts, I think, we ar« entitled to conclude, that Dr 
' Graham has drawn a wide Inference from insufficient data, or, in other words, 
lu< attempted to form a general rule Irom a soUtory example. I do not, 
however, wish it to be supposed that I insist on our statement being held 
strictly correct : because a degree of uncertainty stlacbes to the tree or trees 
from which this substance is procured, that all the efforts of botanists tor 
the last century have been unable allogelher to remove. All that I have 
attempted, or indeed wished to prove is, first, that the iacls adduced by Dr 
Graham are not sufBcient to iui^lidate our position, that the ^anlAwAjrnHf 
aoaSfoHus is the only ituUffenmu plant in Ceylon that produces gamboge fit lo 
be used in the arts; though I fear, from further inquiries, tlial we were pre. 
mature in hazarding so strong a stHtement ; and, secondly, that the tree, 
from which Dr Graham's specimens were procured, is of exotic origin. 1 
diatl DOW attempt to account for the appearance in the Island of that tree 
which is neither a Garciaia nor Jtaathocht/vna. 

About the beginning of the sevenlrcnlh century, the Dutch first imported 
gamboge into Europe from China, and, not long artei, Itey c^peWeiV-^c^ot 
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tuguese from Ceylon, and fortned «ettlementa of Ibeir own there, which thej 
reULDed until nor theendof theeight«entb ceolUT?. Idlatallunreiaoiiable 
to suppose, that, in the course of that long periwl, Ibej should endeavour to 
procure for their own teniloriea a lucntive article of commerce, in place of 
having to purchase from others at) of the Bner aorta required fur ih^ Eu- 
ropean trade ? If not, we ma; readily suppose the; imported the plants 
above referred to, and which have remained unnoticed by the English, unit! 
Colonel Walker acdd en I ally diiuovered them about two yean ago, Injuilsuch 
■ atluation aa one might expect to find introduced tree*, namely. In a garden 
dose by a Dutch gettlement. A niost intereatlng discovery it is, aiooe It 
seema to prove that the; are of exotic origin ; that the soil and climate are 
suitable for it:i growth and propagatinn,and leaves room to infer that it might 
be Introduced with succraa on the west coast, at least, of India, the climate of 
which correspoads in many renpecta with that of the south-west coaat of Cey- 
lon ( and, lastly, beciuse it in part, nt ttaiat, sets this long-agilated questioa 
at rest, by making us acquainted wilh the probable source of the beiit gam- 
boge used In the arts. 

fiotanlcally considered, this plant presents some points of considerable in- 
terest, which may be the means of directing more of the altentiOD of boto- 
nista to the peculiarities iif the order to which it belongs than it has hitherto 
received. 

Or Graham shews that his plant ia not a XanAochgmut neither is It a Gar> 
cuBo, and, unless there ia an error in the deKrlption, that it cannot be a Stt- 
hgrnitii, but that it forms 3 new genus, essentially characterized b^ Its fta- 
mens, the filaments of which are united into a single square catumo, and 
the anthers onccelled, opening at the apex hy a ualyptra or Ud, in place of 
two-celled, bursting longitudinally, as In all the other genera of Gvlt\fmt, — 
characters amply sufficient to separate It from every other genus of the order. 

To the conviction expressed that this new genus is undoubted!; Grertner't 
Blai^ioitana MartUa, I can oiler no obJection,B9 I am altogether unacquainted 
with that pUnt, except through the figure, and because Dr Graham has not 
stated the evidence on which be grounds this conclusion ; but if It ahould 
prove correct, I must acknowledge it gucs far to establish the fact of its being 
R native of Ceylon, and, consequently, that the Juice of it nt well as of other 
trees, may be drawn for gamboge, as that of Carcinia jMtoria, Eoxb. j another 
member of this new genus, is in Malabar. 

Here the iiuejtion must far the present rest, as it con only be finally dedded 
by reference to authentic specimens of the plant described by the older bo- 
tanists {who usually paid much attention to useful plants) as the " arl>or Indie* 
gumini guttam fundens," and which has now been bandied about from spedea 
to species, till it seems to have multiplied itself into about half-a-doiien diSe- 
rent trees ; but 1 trust that Ceylon botanists will now be induced to take up 
the subject in earnest, and ascertain, by actual inspection, and the ptcserva. 
tion of specimens, the tree or trees — for there ma; be several — from which 
its gamboge is derived, and further to determine whether the trees which 
have given rise to this fresh agitation of the question are of indifgenoua 01 
exotic origin — Madrai Jaumal, No, 13, p. 300. 
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Rentarfu on the prrceding Paper by Dr Gbabjh. 
The botany of Southern India is in excellent keeping. The 
zeal of Colonel and Mrs Walker is unwearied, and their exer- 
tions are bringing to our knowledge a host of new and inte- 
testing plants. The enthusiasm of my excellent friend Dr 
"Wight is not second to theirs, and, fortunately for the science, 
in pursuit of which he makes extraordinary efforts, the field of 
his operations is much more extended. Every thing which he 
writes will and ought to be received by botanists with defe- 
rence ; and therefore I am anxious to correct one or two mis- 
conceptions into which, from the position in which he is, he has 
very naturally fallen. His knowledge of my opinions was, at 
the time he wrote these observations, derived solely from a let- 
ter which I had written to him, before I was myself acquainted 
vith all the arguments upon which my opinion might be sup- 
ported. If he had read the more detailed account which I 
was, subsequently, able to publish in the Companion to the Bo- 
tanical Magazine, vol. ii. p. 193, I feel certain that his obser- 
vations would not have appeared in their present ehape. 

The points stated to be at issue between my friend and me, 
are these: — 1st, He does not think me right in considering the 
tree of which Mrs Walker sent me specimens and drawings, as 
the only one that produces gamboge fit to be used in the arts. 
Sd, He does not think Mrs Walker's plant the one which pro- 
duces the true Ceylon gamboge, Sd, He thinks the facts ad- 
duced by me are not sufficient to invalidate his and Dr Ar- 
DOtt*S position, that the Xanthochymus ovalifotius is the only in- 
digenous plant in Ceylon that produces gamboge fit to be used 
in the arts. 4th, That the tree from which my specimens were 
procured, is in Ceylon of exotic origin. Now, my friend will 
find, that, even in my letter to him, correctly, I am sure, quoted 
by him, I never said that my plant was the only one titat pro. 
duces gamboge Jil to be used in the arts ; and in my subsequent 
paper in the Companion to the Botanical Magazine, I expressly 
guard against that supposition, thinking it very probable that 
there may be others. I only say that this plant does yield 
gamboge fit to be used in the arts, and that I had received 
perfectly good gamboge taken from it. We do diffec ou rtvt 
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second point, and my upinion rests on i)ie authority of Mn 
Walker ; — llie authority of the mutilated trees which she saw; 
— the authority of the Ceylon Doctor which she quotes, as 
shewn in my extracts from her letters, publidied in the Com- 
panion to the Botanical Magazine; — the authority of the gam- 
boge which she sent to mc from these trees, which proved to 
be excellent gamboge, chemically, medicinally, and as a pig- 
ment. With regard to the third point, there is a mistake, aa 
Ur Wight will immediately see upon refleilion. I did not at- 
tempt to invalidate his and Dr Arnott's position that the Xan- 
thockymu& iivall/hl'nts is the only indigenous plant in Ceylon that 
produces gamboge fit to be used in the arts, because they took 
no such position; but in the quotation which Dr Wight him- 
self makes from their excellent Flora, they give it as their opi- 
nion that it is the onli/ plant in Ceylon that does so ; and this 
opinion I shewed to be an error, by proving that another plant 
does. I can go farther now, however, than I could do when 
I wrote Dr Wight, and say, that Xantluxht/mus ovalifoltui 
yields a juice which is not, chemically; medicinally, nor as a 
pigment, good gamboge. As to the 4th point on which Dr 
Wight thinks we differ, namely, as to whether ray plant be a 
native of Ceylon, he will find that I never have asserted that it 
is, because in this country I can be no judge, and I have no 
direct information U|M)n the subject. Though, therefore, I 
have no interest in this question in support[of any tiling I have 
written, I may add, that Dr Wight thinks that if my plant 
shall prove to be the Mangostatia MoreUa of Ga;rtner, it will 
go far to establish the fact of its being a native of Ceylon. 
Now, my opinion as to the identity of these plants is founded 
upon the excellent figure of the fruit by Gajrtner, and a care- 
ful examination of synonyms by authors who were in situations 
which enabled them to judge. With resiwct to the fact of the 
plant being a native of Ceylon or not, however, I long since 
wrote to Dr Wight, requesting he would make inquiry, and 
knowing his activity, and confident in his accuracy and judg- 
ment, I shall at once adopt the opinion which he shall form 
after inquiry. I sliall be surprised if he finds it as scarce aa he 
states it to bo, in his observations in the Madras Journal ; be- 
cause Mrs Walker informs me, that, after knowing it in one 
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htuadon, she passed through " a forest" of it in another. TW* 
IBxpression, however, may not have been intended to be under- 
■tood literally, and the two situations, for any thing I know to 
die contrary, may not be far distant. No man isj^iiore able to 
inquire into this liian Dr Wight, and therefore I am confident 
shall know the fact before long*, Borneo, Singapoor, and 
Bsngoon, all yield gamboge, and so do probably many other 
llllaces in the east, as well as Siam. Let us hr>(>e that we 
■••-'J soon get information as to the plant in each which alfimJa 
Mr Malcolmson has obligingly lately given me a specimen, 
unfortunately only in leaf, from Rangoon, wWch he found to 
contain a purgative, yellow gamboge-like juice in its fruit. It 
b certainly different from my Ceylon specimens. 

When Dr Wight's observations in the Madras Journal were 
written, he had not heard the discovery which Mr Brown's in- 
quiries, kindly undertaken at my retjuest, had led to, — that the 
^lednien from which Murray's description of Stalaffvtitu 
gambaghides was taken, is a compound, the flowers of A'ft'i- 
l^ochymua being stuck by sealing-wax upon a branch of what 
■eems my Ceylon plant. The knowledge of this circumstance 
would have probably modified the observations in the latter 
part of Dr Wight's paper. 



AccoutU of At. FourncCa Opinions regarding ^tiie Mctamorphic 
Changes of Rock.i, and his Obaervationii on the Systems of 
KUvalitm in the cottnlri/ near Arbresh {Depart, du Rhone). 
Contained in a Report made to the Academy of Sciences of 
Paris. ByMM. Elik DE Beaumont, BEttUEBKL, and Alex. 
Bbonbmiabt. 

CoMCEBMiNG the Orography of the district of which Arbresle 
lorms as it were the centre, or, in other words, the relief, or 
Tarious relations of form, elevation, and direction of the bills, 
▼alleys, water-courses, Sic, M, Foumet has made remarks upon 
the following principal distributions ; — 

1st, On the parallelism of the principal valleys of the south, 
ihe direction also, and the declivity of the lateral valleys, and 

* See BdiHticinal iaronnntioii o 
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those which may be regarded as the ramificarions of the prin- 
cipal trunk ; likewise on the course and declivity of those which 
are in an opposite direction to this principal valley ; aiid of the 
main course of the water, both on the side towards the Loire, 
and on that towards the Saune. Concerning this latter river, 
whose course is from north to south, it is to be remarked, that 
its tributaries, the Jardine, and especially the Brevanne, enter 
it, flowing from the south-west to the north-east; and even 
from south to north. It is the same with the Gier in relation 
to the Rhone. Anolher remarkable distribution, and nearly 
of the same kind, is the convergence of all the valleys towards 
Arbresle as towards a great basin. 

2d, When the structure and the inclination of the mineral 
strata, as well as the nature of the hills which confine and form 
these valleys, have been studied, we may then pursue these re- 
lations further by recognising that this main point, this kind 
of hollow where the town of Arbresle is situated, may be con- 
sidered as a uniting point of three difl^erent systems, or of three 
distinct axes in the relief or conformation of the country ; axH 
which M. Foumet has very clearly determined by the mam- 
millary tops and tlie summits which characterize them, by the 
directions which they follow, and the localities which they tra- 
verse,— characters which are very distinct upon a map, but of 
which no description can convey a clear idea. 

Since the lime when M, I'oumet gave in his work to the 
Academy, having assiduously prosecuted his observations on 
the relief of the soil, he has discovered a fourth axis of eleva- 
tion, that, namely, which has uplifted the Lyonese Mont d'Or, 
This axis is not very apparent in the Lyonois portion, but when 
studied with all those helps which the theory of geological ele- 
vations supply, M. Fournet very clearly demonstrates that the 
Lyonois Mont d'Or ought to be referred to the elevation of the 
Mountains of Pilate, the first of the Jura elevations, and dif- 
fering from it only in <legree. 

It is upon the three first axes, indicating three systems or 
epochs of distinct elevation, that M. Fournet most insists, by 
collecting all the facts which agree in establishing the reality ot 
this succession of geological phenomena. These proofs are 
drawn from the nature of the rocks, from their inclination or 
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direction, and from the nature of the metallic veins and rocky 
dikes which traverse thom. 

The first orographic axis, which runs N.N.E., is composcti 
of two aones of crystalline rocks, hut with a stratified structure 
on_lhe great scale ; that is to say, of rocks whose soluble ele- 
ments, in precipitating themselves into the crystalh'ne form, 
were deposited tranquilly, after the manner of a sediment. The 
first zone of these rocks is composed of gneiss, consequently of 
febpar and mica ; and the second also of mica, hut combined 
with quartz and talc, fhe elements of mica-schist and of talc- 
schist which compose this zone. These rocks being stratified, 
their inclination and direction are appreciable ; and they are, 
moreover, the same throughout liieir whole extent : their forma- 
tion and tlieir derangements likewise, by elevations, are owing 
to the same cause, and are principally to be attributed, accord- 
ing to M. Fouruet, to the appearance of granite. 

The second system of mountains, or the second axis of ele- 
vation, which runs nearly north-west, and so crosses the former, 
is principally composed of rocks which belong to the transition 
series. They arc compact limestones, rocks of the greywackc 
•eries (traumatea) with vegetable markings, conglomerates, Stc. 
M. Foumet conceives that he car refer this axis or Une of di- 
rection of uplifting forces to tlie second type of elevation esta- 
blished by our colleague M. Ehc de Beaumont, adducing as 
examples the round eminences of the Vosges and the hills of 
Socage. It is in the ancient depressions of this system that the 
coal formation presents itself, like so many islands, and here, 
too, it is that the metallic and metalliferous veins are found. 
M- Foumet attributes this axis to the elevation of quartzose 
porphyries. 

The third axis or system of elevation which shews itself even 
tothe north of Tarare,or the valleys of Tardive and of Azer^ue, 
runs straight from south to north : but it appears to us much 
less satisfactorily determined than tlie previous ones, both as it 
regards the rocks which comiwse it, and also respecting those 
which have upraised them. According to the author, it is owing 
to the consequences of the eruption of quartzose porphyries, 
but under other declinations, and has been terminated by the 
eruption of the trap-rock, consequently angilic or liornblende 
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which M. Foumet, along with M. Voltz, has denominated Mir- 

aetle. 

The author next inquires into the causes, or rather what are 
the kinds of rocks which, ejected from the bowels of the 
earth, liave upraised, by their eruption, the stratified rocks, 
that principally compose the first axis, and wliich have broken 
np and overturned the mechanical rocks (toc)us cUutiquet) 
that form the chief mass of the second type. He has also re- 
cognised, in the district he describes, a great number of gra- 
nitic and porpliyritic masses, and of traps, which, by their mas- 
«ve structure on the great scale, hy their penetration, some- 
times in great dikes, and sometimes in simple veins across the 
Hiass of elevated chains, and even in the midst of the coat fw- 
mation (as at Sainte Foy I'Argcntiere), indicate both the cauae 
and the epochs of these elevations. 

The rocks which the author describes as constituting the 
principal part of these formations of eruption or of elevation, 
are common granites, porphyritic granites, which have evidently 
preceded the quartzose jwrphyries, and the rock which M. 
Voltz has elsewhere described under the name of Minette, — k 
«ock which may perhaps be referred, without any new designa- 
tion, to that which one of us, the reporters, has long ago deno- 
minated spiUle.* At the same time the miDette does present, 
in its varieties and mo<Hficattons, some peculiarities which do 
not belong to the rocks known under the names of vAtrufonf, 
blatteratein, varioiile, comeenne (aphanite), and spilitc. These 
differences are owing to the presence of bronze mica, and, in 
some cases, to the abundance of acicular hornblende. This rock, 
of which M. Foumet supplies a minute accoimt, apjiears to 
have been the last which appeared, and to have produced the 
elevations from north to south, or that which constitutes the 
third axis. Finally, in decomposing first in a spheroidal 
shape, and then into clay, the minette e^ihibits new and addi- 
tional relations with the basalts and the spilites. 

Metallic separations, sublimations, and productions, so de- 

" The tpilile of Brongniarlcoiisista of a bosia of aplianlte, conigining Imbedded 
poTtionB and veina of calcareous apar, beaidei Tarioua other accidental iiiki»- 
isls — In abort, n variety of amygdaloid — Edit. 
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^gmted severally according to tlie notions cntcrtaiDcd of their 
Nof formation, also present themselves in the systems of 
; Dot indecfl as having contributed with the preceding 
a to produce them, for they cannot be ascribed to this cause, 
but, if we may so speak, as having availed themselves of the 
great fissures which were produced by the eruption of these 
mcks in the crust of the earth, and so insinuating themselves 
into these numerous clefts, tliey have there formed metallife- 
rous veins, which assist in the most striking manner, by the 
difference of their nature and direction, in determining the dis- 
tinctness of the several epochs, and the independence of the va- 
rious elevations. For, in the first elevations, the axis of which 
runs from north-east to south-west, we find veins of cupreous 
minerals running in this direction. In the second system, whicl> 
runs nearly from north-west to south-east, it is chiefly veins of 
quartz, of barytes, of fluor-spar, and galena, which are found 
parallel to this direction. It is then apparent, as stated by M. 
Foumet, that there are the most striking relations on the one 
hand between the systems of elevation, and the nature of the 
rocks which compose the uplifted strata, and especially the up- 
raising rocks themselves ; and on the other, between the direc- 
tions of the fissures into which the several minerals, crystalline, 
earthy, and metallic, are as it were injected or secretetl, and 
finally in the very nature of these minerals themselves. 

Another conse<)uence which M. Foumet deduces from his 
researches, and which appears to us exceedingly striking, should 
future observations and a mure minute examination of the rocks 
confirm the view, is the connection he imagines exists between 
the silica, which is the negative element in these rocks, tlie dif- 
ferent degrees of their fusihiUty, and the epoch of their appear- 
ance. Thus, according to him, the rocks which have first ap- 
peared in upraising and dislocating the soil, are the common 
granites ; rocks which, being the most infusible on account of 
the silica, the negative element which they contain in excess, 
icqaired for their melting the most direct application (o the 
BOiirce of heat. To these rocks succeed, and in the exact or- 
der of the diminution of their silica, and the augmentation of 
their fusibility, the porphyritic granites or granites contain- 
ing large crystals of felspar, and quartzoss porphyriea^ tbet\ 
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the Bucaceous eurilea, rocks which are almost entirely com- 
poaed of felspar, and finally, the mmetle, a very fusible augitic 
and homblendic rock, and which might traverse all the prece- 
ding rocks without being in a solid state. 

Here, then, as the result of those laborious and learned re> 
aearches, we see very remarkable phenomena aj»d con sequences 
exhibited in the district round Arbresle. We find the epochs of 
elevation accurately determined ; also relations established be- 
tween the eras of these elevations, their direction, the nature of 
the upraised strata, of tlie rocks which uplifted them, the veins 
which are met with, and even respecting the chemical nature, 
the degree of fusibility, and the epoch of the appearance of the 
rocks of eruption. 

These investigations form the 6rst portion of the memoir of 
M. Fournet, and, according to our views, they constitute the 
most important part of it. But this able chemist as well as 
geologist, has endeavoured to push much farther the study of 
the effects which the upraising rocks, at the moment in a state 
of high temperature, produced upon the strata which they tra- 
versed ; and from this examination he has drawn new conclu- 
sions, which, if they cannot be regarded as so well established 
as the former, are supported at least by very curious facta, and 
manifest the great acuteness of the observer, 

M. Fournet imagines that argillaceous slate is the true and 
the only original sedimentary rock, and that this rock, which 
contains the elements of mica, and frequently plates of that 
mineral itself, being altered or modified in different ways, 
either by new combinations or by the expulsion or diminution 
of one of its elements, or finally by the introduction or the com- 
bination in the previous mass of certain new elements, it may 
be BO transformed into gneiss, mica-slate, clay-slnte (pht/Uadr), 
&c. If M. Fournet had been content with announcing these 
views as possibilities which were deduced from chemical action, 
we should have listened favourably to the hypotheses offered by 
a man so celebrated asametallurgic chemist, and probably would 
have taken no notice of them in this report. Since, however, 
the author has endeavoured to support them by adducing facts, 
we must attempt to determine the value of these facts. 
M. Fournet first dwells upon the varieties which this same 
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•tratified primordial eocIc presents in the different portions of its 
substance, and he inquires if it be rational to admit that the 
liquid compound which dejwsited this rock had every instant 
changed its composition so as to vary its deposit, and if it be 
not much more simple to admit that some external and variable 
influence has produced this change upon deposits which were 
originally made in a manner which was wholly homogeneous. 
Besides these local observations which demonstrate this influ- 
ence, there is a more general one which more decidedly esta- 
blishes the matter ; It is, that the alteration is both greatest and 
most varied iti proiwrlion as the modified slate approximates 
to the erupted rocks. 

The author enumerates four modes in which the original ar- 
gillaceous slate is altered, which, affected by the influence of the 
burning, and e^iecially the liquid rocks of eruption, have trans- 
formed it into products which, by their appearance and compo- 
lition, are very different among themselves, and not less so from 
the original argillaceous slate. Caldnalion is one of these 
modes. Thus, in contact with that trap and hornblendic rock, 
which he denominates minette,M.Fournet has observed that the 
u^tiaceous slates are baked into porcelain jasper (?A(Tmi«t(Mi!). 
This operation, though not quite so simple as he states, many 
drcumstances requiring notice before the residt can be accu- 
rately traced, appears nevertheless to Iw quite true. The se- 
cond mode is what M. Fournet calls brazure, or the method of 
trituration. This is principally seen in the transition forma- 
tions. The siliceous argillaceous rocks which enter into their 
composition havebeen first broken, and, as it were, triturated by 
the elevation of the plutonic rocks ; then these fragments, sur- 
rounded by the fxising matter, have had their angles and edges 
blunted by commencing fusion, and after this they have been 
finally soldered by this same cement. The rock which is thus 
produced exhibits itself under the form of a siliceous trap 
tuff, a kind of breccia so common in the transition formations. 
An example of this change may be seen in the Mouette vein 
near Chessy. 

Other methods become more diflicult of comprehension, and 
consequently of admission, such as those by which the argilla- 
slate has been changed by fusion and subsei^uenl w^tfjai- 
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li^sation into mica. Id support of this prapodtiou, M. Foiirnet 
a<]ilu(x;s, 1st, The argillaceous slate of the mountain of Bel-Airt 
above Tarare, which exhibits in the vicinity of porjAyritic 
masses many modifications of the rock in the ffirm of bronze 
mica, and fine chloritic mica, containing crystals of felspar: this 
rock again becomes argillaceous slate when it is beyond the in- 
fluence of the porphyries. 2d, A similar observation has been 
made by M, Mitscherlich in the Eifel. 3d, The case in which 
the argillaceous slate is modified into chlorite, when it has been, 
as it were, plunged into the liquid, or into the paste which has 
been crystallized into quartz ; the example which he quotes of 
this singular change is taken from a gallery in the mine of Saint 
Bel, " In the fourth case (that of the bridge of Gassie on the 
road from Chesay to L'Etrat) the fragments of grey argillace- 
ous slate which are found in contact with the quartz porphyries, 
after having undergone various alterations, have been definitely 
changed into beautiful dark green hornblende crystals. All 
the schisto-crystalbne rocks ofthe country are either homblendic 
or micaceous. The two preceding modifications give us the key 
to their formation by a simple softening, and, adding to this the 
subsequent facts regarding cementing, they easily explain to uh 
the most part of the other changes which the argillaceous schists 
have subsequently undergone." These facts are so remarkable, 
and their connection with the conclusions the author draws are 
so bold, that we liave thought it best expressly to quote &om 
the memoir. 

A fiflh mode is that which the author denominates change 
hy pejielration and cementing. Thus he regards arkose, an ag. 
gregate rock composed of quartz and felspar, as resulting from 
a sandstone being penetrated by a curitic paste, that is to say, 
a felspar one. 

The last and the greatest change which the author contends for, 
is that which the argillaceous schist undergoes when subjected to 
the influence of granites; this first and powerful rock of eruption, 
by producing mica with the argillaceous slate, by introducing 
felspar between its laminte, transformed this slate into gneiss ; 
and not upon a single point, or even a small space, but through- 
out an entire mountain. This gneiss, then, according to the apt 
oxpresHon of the autlvr, is nothing more than a felspathi&ed 
'-tc (schistrJihpatMsc.). 
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M- Foumet attributes to water in a state of incandescence, a 
very powerful dissolving and penetrating influence in effecting 
those modifications which are so extensive that tliey may almost 
be denominated complete transfomiatioiis ; and, in fact, it was 
quite necessary that he should admit, in a hquid so abundant 
and so common, aconditiun which was altogether extraordinary, 
ere it could effect transformations wliich, in tlie existing state of 
nature, appear to us as anomalous and astonishing as incandes- 
cent water itself. 

Many of these views concerning the transformation of rocke 
by the agency of powerful geological operations, whether more 
actively, or more slow and gradually, have been projwsed by 
difTerent geologists, but in a manner which appears much more 
hypothetical, since they were not supported either upon ade- 
quate observations or upon chemical data. It may almost be 
asserted that the ideas concerning the trausfortnation and pass- 
ing of one rock into another, belongs to that class which sug- 
gests itself to every one ; but they have rarely been based upon 
a critical and serious examination, and when the proof is de- 
mandeclf nothing but the most vague generalities are almost in- 
variably supplied. It is thus that both Hntton and Playfair 
have endeavoured to explain the formation of granite rocks by 
the solid ificat ion, through means of the high internal tempera- 
ture of the earth, of the sediment conveyed by the course of 
waters to tlie bottom of tlie sea. Sir James Hall suggested that 
fusion under high pressure might account for the formation of 
certain rocks in which the gaseous elements were still retained. 
Dr MacCuUoch, and more recently M, Virlet, have since prose- 
cuted the same subject. The first learned geologist, ingenious 
observer, and able chemist, made and published in his work on 
the Scottish Isles, and in papers in the Transactions of the 
Geological Society, observations concerning the attraction, and 
the mechanical, and likewise the chemical transformation of 
rockfl, which, being nearly of the same character as those con- 
tended for by M. Fournet, strongly support the results dcducetl 
by this latter gentleman, and prove, by the agreemunt in the 
iactfi and the explanations, that these are not <niite so hypothe- 
tical as we might be led to BUppoae. 

But the previously collected facts whicli led to the .ndmiEsion 
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of these singular transformations of rocks, and flie bypotheies 
they originated in thdr explanation, arc generally much more 
vague than the theory which M. Fournet has deduced from his 
observations. The ideaa of the greater number of philosophers 
and geologists who have preceded our author, with the excep- 
tion perhaps of those of Sir J. Hall, and Dr MacCuIloch, origi- 
nate from very different views> and are not at all supported upon 
facts of equal value with those supplied by him. The conclu- 
Bions at which our author arrives, and the theories which he 
deduces from them, have therefore appeared to us founded up- 
on far more numerous observations, and much more special and 
precise than those of his predecessors. For example, we may 
mention, that there is in the work of which we are giving an 
account, a suite of the most detailed observations, made upon 
twenty-six kinds of rocks, which are traversed by the great 
draining gallery of the mine of St Bel; and these demonstrate 
a perseverance and a sagacity in M. Fotimet which has been 
equalled but by few geologists. 

Two classes of considerations, as we have already remarked at 
the beginning of this report, present themselves in the review 
of this very important work of M. Fournet ; tlie former re- 
late to the configuration of the surface, to the lines of souleve- 
raent of its elevations, to the epochs at which these elevations 
occurred, and to the rocks which produced them. The latter 
are intended to demonstrate that many of the rocks which ac- 
tually appear to be so different from each other, are really de- 
rived from the same rock, and that they owe their differences 
to the action of the pliitonic rocks. We have nothing to ob- 
ject to the former series. One of our number who has had 
an opportunity of observing some of the phenomena which the 
memoir so minutely describes, can vouch for the great accu- 
racy of the descriptions ; and this claims our confidence for the 
others. Wheresoever the alleged relations are admitted, the 
merit of their discovery must be wholly conceded to M. Fournet. 

As to the second series of considerations, viz. that which re- 
lates to the modifications stratified rocks have undergone from 
the rocks of eruption, the generalization of their results may 
appear to us somewhat liazardous and bold ; at all events, some 
of them ; but the many facts which have been observed stiU r 
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i; and the deductions though bold, are yet rational and 
admisuble. It is for the future to determine whether the ideas 
of this able geologist, are in accordance with the natural pro- 
ceases which he admits, and which ho continnes to observe with 
the most laudable perseverance. 



Remarks on the Scenery, Atilirptities, Papulation, Agriculture, 
and Commerce of Central European Turkey. By Dr A. 
Book'. Communicated by the Author in a Letter lo the 
Editor. 

Part I. — Scenery and Antiquities, 

Edkopeah Turkey contains numerous gulfs, valleys, and 
mountainous districts, whose magr>i6cent landscapes well merit 
the attention of travellers, although unfortunately they are but 
too little known. We often hear of painters wishing to have 
new objects for representation. Now, scarcely any part of the 
eastern world has as yet been explored by artists ; for it is only 
come of the maritime parts which have been properly illustrated, 
whilst the interior of the country still remains almost a terra 
incognita to painters. Yet not only would the landscape join- 
ter find ample materials for his pencil, but the portrait pain- 
ter would find a still richer treasure in the non-European faces, 
forms, dresses, and maimers. He would be enabled to com- 
pose pictures, in which the finest ancient Greek faces and forms 
would be intermingled with the beautiful and genuine iiriental 
ones; and he might ornament these, in a most picturesque 
manner, by dresses, partly Asiatic, partly resembling the old 
Roman and Grecian costumes. 

Where do we find paintings giving us a clear idea of an Al- 
banian marriage, which offers so many singular fashions? Where 
can we see a good representation of the Kdo dance, as perform- 
ed by the Servians ; or of those dances, executed within view 
of the snowy tops of the Tschardagh, by the gay Bulgarian 
girls, when on their way to the labours of the harvest P Where 
do we find a painting of a Turkish lady travelling with her 
armed attendants P and, Where,' finally, is the picture repre- 
eenting a half Turkish, half ChrJHtian, travelling party ; or l\\e 
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bivouac of such a party at an inn, or perhaps utider some rock 

or wide-Hpreading tree ? 

Fur the admirers of maritime scenery, the bordera of the 
Block Sea, and also the Archipelago, abound with views as fine 
as those along the coast of Liguria or Naples. I shall never 
forget the delight I experienced on beholding the great Gulf 
of Saloniclii, with the hills of the Chalcidian peninsula to the 
east, and the snowy tabular- ah a {led Olympus to the west. Be- 
fore nie lay the large white town of Salonichi, situated in an 
am]}hitheatre, like Genoa, at the base of the last of the Chat- 
cidian hills, and crowned by a pretty large citadeL All around 
were plains filled with Grecian antiquities, tumuli, and the 
ruins of the ancient Pella, the chief city of Philip ; whilst be- 
hind me arose the first of those beautiful rocky walls which de- 
fend the entrance to the interior of Macedonia. 

If we proceed a little farther into the country, at the distance 
of twelve leagues from Salonichi, we reach the chief of the ru- 
ral beauties of Macedonia — the well-known Vodena in the vol- 
ley of the Wistrilza. 

The luxuriant vegetation commences to the south of Ostro- 
vo, where the road passes through a defile so well clothed with 
fine Mediterranean trees (green oaks, &c.), that the travdlcr 
might easily fancy himself in an English park, were it not that 
a small p>at for gendarmes, jiicturesquely situated on a pro- 
jecting rock, at once puts an end to the illusion. After pass- 
ing the marshy lake of Telovo, situated among the hills like a 
crater, we arrive at the village of Telovo, where the united wa- 
ters of the lakes of Telovo and Ostrovo, are seen rushing down 
through travertine rocks in the midst of Coluteu, CercU, nut and 
fig trees. 

The three cascades, of which the highest is at least forty 
feet, have a very striking appearance. From hence to Vodeoa 
the valley is in reality a park of Mediterranean fruit-trees, in- 
termingled with the patches of maize. At the entrance to the 
town of Vodena, there are a dozen of palms (Platantta oriettbdu), 
under whose mighty shade there is always an agreeable cool- 
ness : but I was mucli annoyed on observing some Turks care- 
lessly employed in cutting ofTapartofoncof them. Onecan see, 
in this neighbourhood, that the ancient Greeks have not spoken 



1 



of Centn^ European Turkey. \9A 

*''''gg^''*tL-d (eniis uf the ulielter wliith could be sffardctl to 

juimerous assemblage of people under such high and beauti* 

palms, or even under a large fig tree. Under tbc town, 

Iriiich is situated on the edge of a high precipice, the waters of 

Wistritza, here divided into four streams, fall into the val- 

by in cascades, of which the highest must be seventy or eighty 

■t ; and smaller ones also occur lower down. The view is truly 

ignificent, consisting of the white travertine rock surmount- 

bd by the town ; the four cascades ; the valley studded with 

fruit-gardens with all kinds of Mediterranean fruit-trees, and 

intered by numerous small streams ; whilst, on the right and 

M^ are finely wooded hills, rising to an elevation of irom SOOO 

» 3000 feet. Why did the kings of Macedonia not choose such 

place for their chief city, instead of placing it on tlie borders 

r a marshy plain P On the edge of the precipice at Vodeno. a 

^redan bishop has erected, in his garden, a kioak or pavilion, 

which the whole view is so well seen, that he is put to 

Kntsiderable trouble and expense by the frequent visits of 

Turkish travellers ; this shews, however, that the Turks have 

taste for natural beauties. 

The neighbourhood of Castoria, with its circular lake, pre- 
nta a diSereut kind of scenery, which, though less lively, is 
ktill very pleasing. The town is situated on the isthmus of a 
Inrren calcareous peninsula. The stone houses, of two or three 
nories, arranged in the form of an amphitheatre on both sides 
' the isthmus, the placid waters of the lake with its small boats, 
le round and conical hills which encompass the lake, would form 
Itagether a Swiss view, if the hills were covered with wood; 
tat there, as in other parts which the Romans inhabited, the 
brests have been cut down, and the stranger must rest content- 
d witli the trees of smaller forms which line the borders of the 
The town, its situation, its bouses, and the paved roads 
feading to it, all concur in giving us the idea that we are walk- 
ig on old Grecian and Roman soil. The neighbourhood of 
iske Ochrida is reckoned much finer, as the scenery is wilder 
ad better wooded. 

Amongst the most magnificent scenery in Turkey is the view 
bom the plains of Upper Albania, or the White Drina, of the 
tugged and snowy peaks of the Ipek chain, as also of the (^eat 
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Tschardagh chain rising to a height of 9000 feet.* I cannot 
compare this ^-iew to any thing with which I am acqu^nted in 
Kurope, but possibly something like it may exist on a smaller 
scale in Spain. It appears as if the chain of the Pyrenees, and 
a part of the alpine hiUs of south-east France, were placed to- 
gether. The country is abundantly covered with forests and 
vegetation, and the green of the chestnuts and oaks, the dark 
green of the fir-trees, and the whiteness of the snow^ giie an 
agreeable variety to the landscape, which is, moreover, adonv- 
cd by the ancient white castle of Prisrend, together with nume- 
rous villages and monasteries at the foot of the hills. 

In the interior of the groups of hills, to the north of Ipek, 
there are numerous fine Swiss subulpine landscapes, abound- 
ing in cattle of all kinds, chalets, and picturesque crags, toge- 
ther with meadows and flowers. On the other hand, in the 
Despotodagh, the painter finds a great abundance of wilder 
scenery ; sucli as very deep valleys and fine forests. On the 
north sitle of this chain the vegetation is similar to that (^ 
central Europe ; while on the south it resembles that of the 
countries bordering on the Mediterranean. 

Proceeding farther, we find a great variety of landscapes in 
the valleys of Bosnia, in the Cermitza, on the borders of the 
lake of Scutari, in the valleys between Nissa and Sophia, and 
on the borders of the Danube. In the first mentioned countries 
we have sometimes wild, sometimes rural scenery. To the south 
of Nissa the views are less extensive ; they consist generally of 
a rich country interspersed withcrags, and occasionally adorned 
with some old spire or monastery. On the Danube rugged 
walls of rock rise on each side, while the river itself sometimes 
assumes the appearance of a stream, sometimes that of a lake, 
with patches of cultivated ground, small villages, and ruins on 
its banks. There is a fine panoramic view of the woody prin- 
cipality of Servia from the Sturacz, the highest of the central 
hills of that country, and belonging to the Hudnik group. The 
traveller will also be interestetl in seeingCrnutscha, where Prince 

IS errgneouiljr stated ta 
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[Qoecti was bom, nnd where he still has aome plain country 
Iiouses, as well as the small plain near it which formed the last 
Irrfuge for the Servian troops, with their families, when they 
ire beaten by the Turks. 

Turkey is pretty well stored with antiquities, and localitieB 
wbere important events have happened. For my part, I take 
pleasure in the latter, as the remains of antiquity are ge- 
•ally in a most defective state in that country. In these loca- 
es I still find every thing nearly in the same condition aa it 
s when the event happened ; hut I am grieved and annoyed 
to perceive, on spots once beautifully ornamented, or crowded 
ith inhabitants, only the debris of walls, miserable looking 
(ones, or still more miserable-looking new buildings with their 
■barbarous inhabitants, and sometimes disfigured with the 
les of foolish travellers. In such cases all illusion must at 
once cease, for any one who has not been born a poet. 

The antiquities in Turkey are Grecian, Roman, Servian, and 
Turkish. Among the first we may, I think, place the great 
tumuli which are found in Macedonia. They are conical hil- 
locks of the height of 10, 20, or 30 feet, or even more. 1 ob- 
served two small ones between Malocelo and Pobovdol, on the 
road from Dubnitza to Radomir, and there are two others some- 
what higher on the western aide of the high road from Djumaa 
to Dubnitza, opposite to the beautiful village of Kilo. It ap- 
pears that this village (which is situated at the entrance of one 
c^the great valleys of the Despotodagh), or at least the culti- 
vated valley near it, was formerly the site of a town ; and coins 
■re still occasionally found there. The same thing also some- 
tttnes occurs in the neighbourhood of Radomir, where I was 
rfiewn some Roman !m[)erial coins. I saw a small tumulus to 
the W. of Langosa, and another at 1 J leagues to the N. E. of 
galonichi ; but the greatest huraber and the highest are near 
Fella, to the N. of the road to Salonichi ; of these I counted 
egbt. Possibly they were formerly near some high road, as 
there appear to be traces of pavement underneath the grass and 
thistles. Others must decide if these tumuli, which are not 
mentioned by Cousinery in his description of the neighbour- 
hood of Salonichi, are true Grecian monuments, or what^they 
ire : but it happens, singularly enough, that there is near AV. 
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lenburg (not far from Preaburg in Hungary), a conical hillock 
of a similar form, but possibly erected for a different purpose. 
It would, perhaps, be worth while to open those in Turkey. 
In the neighbourhood of Pelln, on the high road near an excei- 
lent fountain, there are what appear to be the ruins of a temple^ 
consisting of a square room with walls of square stones, ank 
the traces of two or three smaller rooms. It is used at present 
as a reservoir for the water. Several palms are close to the 
spot, which is tike an oasis in this flat and treeless country. 

At Salonichi are two wcU known triumphal arches built by 
the Romans, one for celebrating the entrance of Octawus and 
Antony into the town after the battle of Pbilippi, the other 
adorned with Corinthian columns, and called after Constaatinb 
Between these two there exists an old ruinous temple, partly 
hidden by new buildingij, wbich was atone time converted into 
the church of Peter and Paul, and afterwards into a mosque. 

Probably the finest Roman JtiliguiHes I saw, were near 
Uskup, the ancient Scopia (Justiniana Prima), consisting of 
the remsuna of an aqueduct, similar to those near Rome, with 
fifty-five large arches still entire. The aqueduct describes ft 
slight curve, and the arclies diminish in magnitude on both 
sides. They are built, like those between Mehadia and Orschovt 
in the Bannat, half of stone, half of large bi-icks. Between 
every two arches there is always a smaller one placed a little 
higher, and near it there are generally the ruins of a small 
square tower. There is a very short Latin inscription at one 
end of the aqueduct. At one league's distance from Dsltup 
there is a small hill, which, from the debris on it, appears to 
have been formerly the site of some town. 

I observed in the vineyards on the hill above Kost^ndil 
(Justiniana secundu) the debris of walls and bricks, so that the 
old town was probably situated there in the time of the Romans, 
or at least there may have been some castle on that spot He- 
mains of a Roman fortification with walls (Porta Trajana) occur 
in the defile to the S. of Ichtinian, The position of Fiorina 
in Macedonia on the declivity of a hill, and the straight paved 
roads leading from it to Castoria, would indicate the possibility 
of their having been also Roman establishments. Sometimea 
there are two or even three pavements, one on the top of the 
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Vthcr ; from which it would appear that thej had been repaired 
■t different tiroes, perhapa, even by the Turks. In Bosnia there 
■re remains of a Roman city (Adiibo) near Mostar in Hcrse- 
Kiwiaa. At Vischegiad there is said to be a Boman bridge 
Vith cohimns. 

It does not seem probable that the Romana inhabited the 
^hole of Servia, hut only some parts of it, particularly those 
bordering on the Danulx?, and the great Morava valley, through 
■which the road led to Sophia and Romelia as at present. Every 
one is acquainted with the site of the bridge across the Danube 
jBonstructed by Trajan near Cladova, the inscription called 
Trajan's Tablet opposite to Ogradina near Oroschova, and some 
temains of castles along the defiles of the Danube. It seems 
probable that the Romans used the sulphureous warm-bath at 
Banya, near Aleiunitza in Servia, and that the Turkish build- 
big is founded on the Roman one. 

Although time, and the destructive hands of the Turks and 
the nomodes of the middle ages, have left so few remain sof Ro- 
1 and Grecian buildings, there are still many ancient Ser- 
n churches and castles. A Gothic castle exists at Prisrend 
In Macedonia, once the seat of the kings of Servia. At Perlepe 
in Macedonia, we find, on a most singularly shaped conical gra- 
nitic hill, the remains of the vast castle of Marco-Kralowitsch, 
one of the most renowned of the Servian heroes. The whole 
top of the hill, which rises about 280 or 300 feet alwve the 
idaln, was surrounded by a high stone wall ; and there were at 
least seven square towers for the further protection of the place ; 
their remains are still visible on the summits of five hillocks, 
r the gate of the fortress. The ground is divided by a small 
ravine ; on one side of which are two towers, and, on the opposite 
aide, the others, together with the remains of seven or eight 
tiuildings, viz. the castle and a small garden, the stables, a small 
chapel on the edge of a precipice, a tower of refuge with a room 
wid chimney cut out of the rock, &c. We can still see the steps 
cut in the stone, which were used as a staircase, and were per- 
faapH at one time covered with wood. It is difficult to reach 
tiie highest tower, as the steps are partly worn away. The cita_ 
'llel had only one gate, on the side looking towards Perlepe, and 
ihe eotrance to it was defended by a large square tower, with* 
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ID which was the only spring on the hill. Prom the stinmitt 
of the hill there is an extensive view of the country, which is 
mountainous towards the north, east, and west, hut flat towards 
the south, 

I may mention, among the old castles of the middle ages in 
Servia, that on the liill of Avala, 2J leagues from Belgrade, 
boid to have belonged to a chevalier Portscha of Avala ; and 
that of Slolacz, at theconfliience of the Morawas, where a Sw- 
vian nobleman so long wilhstood the attaclcs of the Turks, and, 
when finally overpowered by them, precipitated himself along 
with his wife into the Morawa, an heroic deed, which is still 
celebrated among the people. At Kusnick in the Upper Ha- 
china valley, there are the ruins of a castle situated on a very 
high hill, which, from the extensive view it commands, anditi 
Ticinity to the Ihar valley, is still used as a military post in 
time of war. A pari of the surrounding wall, with the chief 
entrance and five large square towers, as also some small build- 
ings below the castle, are still visible. 

The finest Servian architectural remains are the churcket asd 
vtonoileries. Of the former, the finest are Studenitza and Knu> 
chevetz in Servia, and more especially, Detschiani in Upper Al« 
hania near Ipk. At Kriiachcvatz there was formerly the 
royal palace, with a chapel much ornamented in the Byzantine 
style. At present we can only observe some traces of a wall, 
and the chapel has lost part of its spires, and its roof. The 
Turks used it as a hay store, and made a sort of fortiGcation«i 
the platform of the castle. The chapel is in the form of A 
Grecian cross with two round towers. In the front there is 
one large central door, and one small lateral one. The former 
is surrounded with small columns, and above is a sculpture ia 
bos relief, representing the baptism of our Saviour. Theardied 
windows are also decorated with some ornaments ; and the small 
door is ornamented with other bat relie/a, as also eagles witt 
extended wings, lions, &c. 

The Detschiani church belongs to a monastery situated in t 
secluded valley, which is separated from the Albanian plain by 
a forest of chestnut trees, and has, on its other side, lofty hillt 
and forests of ten leagues in extent, which no human being in- 
habits. The monument built by king Stephen is in admirable 
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pivservatiun : he Iiimsi'lf is buried tlitrc. Tlic Servians have 
done their utmost lo prevent the destruction of this relic ; but 
the monastery seems at present to be deeply in debt, and tfic 
Jgumen was ill, partly from grief. It is astonishing that this 
<<^urch should have so long resisted the destructive spirit of the 
Turks; espcciiUly when in the neighbourhood of their mortal 
nemies the people of Montenegro, It is built of a coarse white 
narble, and inside, it is also ornamented with red marble : it ia 
lot large, but very clean and elegant ; and, being surroimded 
with green meadowa and forests, it has a fine appearance when 
viewed from a distance. The form ia that of a Greek cross ; il 
8 also built in the Byzantine style, with two doors, one lateral, 
ine central ; and these, as well as the iirqjecting windows, are 
ornamented with sculptures or bos rdiefi. Lions, and dragons, 
ti^ether with eagles with extended wings, are particularly to 
be remarked above the lateral door. There is only one short 
massive spire, and the church is less ornamented than that of 
Kruschevatz. I'he interior, like that of all other Greek churches, 
S divided into a portico, the church with its columns, and the 
lltar or sanctuary. The sarcophagus containing the body of 
die holy Stephen is also exhibited. 

Among the other churches of monasteries, I may mention the 

mall chapel of the Vratschefiiitza monastery among the hills 

if Rudnik in Servia, — a monument in a more simple style, but 

ainly as old as, if not older, than the others. The Turks 

lave not at all destroyed it, as it is situated in a secluded and 

iroody valley. The windows are in the form of agivesy with 

I projecting semicircular ornaments on the walls. The 

^re is very low, and there is a small open portico before tbc 

Aoar. We observed similar churches, also very old, but still 

8 omaioented, at Lisito on the I.ake of Castoria, and at the 

mastery of the Gemini, south of Karatova in Macedonia. On 

I hill near Novibazar are the ruins of tlie old monastery of the 

dumns of St George (Stupani Sv. Djordje), which was de- 

troyed by the Turks. 

The largest Grecian monastery in all Turkeyis situated about 
iie centre of the Despotodagh or Rilo-dagh. Formerly there 
i 5000 monks in these chains of hills, and this monastery 
tin contains 150 Bulgarian monks. 

I TOJU aUV. MO. XLVII.— JANUABV 183S. 
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On Mount Athos there are a number of monks, but the mo- 
nastery is not so large. It possesses several villages, and a nar- 
row valley twenty leagues in length. The building is situated 
on the upper subalpine part of a long and very narrow valley, 
of which It occupies the whole breadth, forming a sort of irregu- 
lar square, with high pentagonal three-storied buildings on three 
of the sides, whilst the fourth is occupied by the garden and 
the bed of the torrent. 

From the outside it has the appearance of a castle with thick 
stone walls ; there arc two iron doors, and at each angle of the 
pentagonal line a projecting towerJike building. Windows, 
which are of a large size, occur only in the third story, as, 
lower down, the chief a[^rtures are loop-holes for musquetry. 
On entering the court-yard, one is quite surprised to find a fine 
building decorated with several fresco pointings, and provided 
with large wooden galleries, and with three balconies on each 
story, the galleries being supported by columns. The upper 
story contains very elegant rooms, with Turkish divaiM and 
carpets, and windows of glass, instead of paper, as is often the 
case in Turkey. There are also some allegorical paintings on 
the walls ; in short, it is a most convenient lodging for strangers 
as well as for the monks. This building has been burnt down five 
tinu -, and is now just rebuilt a sixth time by the Turks, with 
th'j assistance of foreign money. Besides the monastery with its 
hundred rooms, they have rebuilt the church in a very hand- 
some style, viz. in the form of a cross, with three vaulted chapels, 
and twelve fine columns of white marble and a chloritic horn- 
blendic rock, together with numerous gilt wooden ornaments. 
The Turks, with tlieir usual carelessness, have not yet pn^ 
vided a fire-engine, but the monastery is divided into three par- 
titions, by thick walls and iron gates, so that only one part of 
the building can be destroyed in case of fire. 

Close to the church, in the centre of the court-yard, is a very 
old square tower, built in the time of the Servian kings, to 
protect the holy men against robbers. An old inscription 
in brick, states that it was erectcil under Stephen Duchan. 
The monks still retain some armed peasants as a protection 
against robbers. 

The TurkUh antiquities are few, and too often scarcely to 
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I reoognised. Near Novibaiar, and at Banya near Nissa, 
Ibere arc Turkish baths or octagonal buildings, lighted from 
tlie top, and containing an immense basin of hot water, with 
two other Bmall rooms for vapour batha. Adjoining the baths 
St Baiiya I observed on old building with a ruinous minan-t ; 
the great gate was ornamented in a singular manner on both 
sdes, having on the one an inscription, a horse, and an ear of 
com, and on the other a king and a hare. I cannot say if (here 
*re manj old paved roads which owe their origin to the Turks, 
but most probably there are only few, although it would ap- 
pear that formerly the roads were occasionally in better order, 
tiie Christians being obliged to work at them, which is not now 
the case. I also doubt if the stone bridges at Uskup on the 
Vardar, and at three leagues to the east of Kostendil on the 
Strymon, arc Turkish : I should be inclined to think them 
*f an older date, although they are not at all elegant, and the 
arches of both, especially that over the Strymon, are clumsy and 
Aarp-edged. 

Some of the old remains of fortifications are also probably 
Turkish : I saw some of this description to the west of Langosa. 
Old burying places are very common in Turkey, They are 
t always surrounded by walls, and are placed near the high- 
*niy or on it, often very far from villages and towns. Many 
mirdlers have been inclined to regard these as the ruins of de. 
•troyed or deserted villages ; but, in fact, many of them are 
nothing more than the burying-grounds of the nomadic tribes 
cf Albania, who either live not very far from the burying- 
Xnmnd, or return to the spot, and bury their dead in the same 
e aB their ancestors. In Servia burying-grounds are also 
etimes isolated, and they do not always bury the bodies 
deep enough; and thus the pigs occasionally open up (he 
r at least destroy the wooded frames which arc placed 
over them. 

iTo ie amcludtd in our nerl ifuwier.) 



( 132 ) 

On the Cause oftfie Temperature of Hot and Thermal Springs; 
and an the bearings of this subject^ as connected mih the 
general question regarding the Internal Temperature of the 
Eaith. By Professor Gustav Bischoff of Bonn. Com- 
municated by the Author. (Continued from Vol. XXIIL 
p. 330.) 

Part II. — Are the observationM hitherto tnade in mines svfficiifU to 
determine the law of the increase of temperature towards (lie ctU' 
tre of the Earth ? 

AH our foniier investigations have led us to conclude an in- 
crease of temperature towards the centre of the earth ; no phe- 
nomena, no observations, were contradictory to such an hypo- 
thesis ; indeed, without its previous admission, many were in- 
capable of explanation. We have now to determine whether 
this increase of temperature follows any fixed law, and whe- 
ther that law is the same departing from all points equally dis- 
tant from the centre of the earth, for example, from the level 
of the sea. Although it would seem that this inquiry could only 
be made by means of experiment, by comparing observations 
actually made, it may yet be deemed not inexpedient^ first to 
consider what causes may influence the internal temperature of 
the earth, or in general, to determine what modifications the 
external temperature may operate on that of the interior. 

Chap. XII. — Whai influence do the meteoric vxUers exert on Uie in^ 

ternal temperature of the Earth ? 

In Chap. VII. it has been shewn that the temperature of 
the meteoric waters lias no great influence on that of the crust 
of the earth through which they flow. But small as this in- 
fluence is, it will yet be found to be very various in difTerent 
parts of the earth, according as the strata be more or less per- 
vious to water, or as the waters sink to a greater or less depth. 
But such variations must naturally disturb any supposed fixed 
law in the increase of temperature towards the centre of the 
earth. 

The uninterrupted infiltration of the meteoric waters into 
mines, must cause a general cooling of the surroun ing rock ; 
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tr, admitting the increa^ of temperature towards the interior 

^B -of tile earth, the nienn teinperatiire of those waters must nc- 

^f cevsarily be lower than that of the mines in their lower work- 

^M jngs, where the direct influence of the external heat can no 

^ft longer be felt. But as we are not yet acquainted with any 

^1 other nieaiiB of ascertaining the increase of temperature to- 

^K wards the iolen'or, than by observations in mines, this diffi- 

^V culty can never be avoided. Reich" justly remarks, that this 

^m effect of the atmospheric waters must be greater in old mines 

^1 than in new ones, although in time we do not doubt it must 

^^ reach its limit To this cause, as well as to the sinking of the 

^K colder air into the mines, be is inclined to ascribe the less ra- 

^B pid increase of temperature observed in the Erxgebirge. 

^■- The observations in the Saxon Erzgebirge furnish many 

^B proofs of the cooling effect produced by the action of the 

^■'Oeteoric waters on the rock in mines. Thus, lleich f found 

^P irom thirty-three monthly observations, that, at a depth of 

S15 feet in the Matkusalem mine, in the Freyberg district, the 

air had the same temperature as the roek, that tlie seasons of 

the year seemed to have no effect upon it, but that after con- 

tinuetl dry weather the temperature was somewhat elevated, 

■nd that it suffered a depression after long continued wet. 

Ihii depression will of course be greater, if water brought 

Iiirom the surface into the mines, for putting the machinery in 
inotioD, should happen to pass near the points of observa- 
tion. 
In a sounding at Radersdorf, eight leagues from Berlin, which 
has been carried on to a depth of 830 feet from the surface, 
and 700 feet below the level of the sea, a continued increase of 
temperature has, indeed, been observed in the greater depths, 
as well as an uniformity in the temperature of the water which 
r flows out of the sounding pijie, at the bottom of the well or 
I riiaft, which extends to the depth of eighty feet ; however, from 
[a comparison of the continued observations of more than two 
■•yc&rs, we find a considerable irregularity in the increase of 
I temperature with the tlopth. The most rapid increase is ob- 
1 BL-rvL-d from 200 to 225 feet deep, where, on the 4th of Ueeem- 
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ber 18S1, the temperature varied from 56°.S0 to 68°.S7, giving a 
difference of 6.0T. This circumstance can hardly be accounted 
for in any other manner, than by supposing colder springs to exist 
there, which suddenly cool the warmer waters rising from below. 
The mixing of these springs cannot take place immediately, as 
the sounding well is lined with a sheet-iron tube to the depth 
of 621 feet. A later observation gave this sudden increase, 
between 200 and 250 feet at 5.85 ; indeed the temperature was 
found to be generally lower at equal depths at the time of this 
experiment, than during the former. The highest tempera* 
ture at the bottom of the well was 74.30.* 

Were a well to be sunk on Teneriffe^ for the sake of ther- 
momctrical observation, at less than 4000 feet above the level 
of the sea, within which limit Von Buch found but slight va- 
riations of temperature in the springs, would not such an uni- 
form temperature in the waters issuing forth at such imequal 
elevations, have some influence on the temperature of the strata 
situated within those limits ? 



Chap. XIII. — What influeticc have Utermal springg on the temper 

rature ofUie interior oft/ie earth f 

In Chap. IV. it has been observed, that considerable bodies 
of water rising with an elevated temperature are capable of in- 
fluencing the temperature of the soil. This remark holds 
equally good for strata situated at a greater depth. Were we 
ol)liged to confine ourselves to the consideration of those 
conmionly called warm or hot springs, it might be objected 
that they are a local phenomenon, and ought, thei'efore, not to 
be taken into account. Rut in Chap. I. we have shewn that 
thermal springs are of very geneial occurrence; that they are 
not entirely wanting in any formation ; and that in different 
places they are only more or less frequent, and more or less 
elevated above the mean temperature of the air, sometimes rising 
to the surface bv natural or artificial artesian wells, and somo 
times iK'ing held back by imiXTvious strata. How various and 
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^Eaioerable, t)ii-n, may not he tlic effects of tliermal waters 
upon the interior strata of the earth ? 

In the copper mine at Outfield, at a depth of 1392 feet, and 
7S feet east of the shaft, the temperature was found, in May 
1822, to be Tg'.gS ; whilst in an end, situated only 24 feet 
(iecfter, 180 feet to the west of the shaft, it was 85°.10. Here 
the water, which issued in considerable streams from two nar- 
row clefU in the floor of the gallery, but a few feet distant from 
one another, shewed the lui equal temperatures of 81°.95and 
fi6°.4i6*. In the neighlwurhood of some tepid springs in the 
Chvrprifiz-FrUdrkhJugiial adit, in the Erzgdnrge, the tem- 
perature of the air was exactly CS'.O ; and when the waters 
bad acquired sn uninterrupted afflux, they soon warmed the 
rock to such a degree that their temperature remained constant^. 
How great, then, must he the influence of considerable masses 
of water of an elevated temperature, such, for instance, as those 
of Jkij'la-OuipeUe, Burtsckeid, IViesbaden, Carlsbad, Sic., on 
the rock beneath the surface. 

Waters which descend into the earth through clefts operate 
niore or less with a cooling effect, and, on the other hand, waters 
riiiag from great depths operate more or less with a warming 
effect, upon the rock. 

Innumerable modificationa may be caused in the theniiome- 
trical circumstances of the interior of the earth by various com- 
binations of cases ; we will here mention a few for Uie' sake of 
example : — 

1*/, Let EE, PL II, Fig. 2, he the bottom of a valley, cut off 
from ctHDmuni cation with the surrounding hills by the imper- 
vious atrula d,d,d, but the soil of which admits of the infiltrar 
lioD of the meteoric waters until they reach those impervious 
Strata. In this case the meteoric waters will only sink into the 
,cartb without being able to return to the surface. The soil 
through which these waters have passed can therefore suffer 
00 alterations of temperature but from without, as all waters 
which might bring heat from below are intercepted by the ini- 
, pervious strata d, d, d. 

fd. The contrary case will happen when the impervious strata 



■ Gilbert'! Aaaii, vul. Ixxvi. p. 431. 



* Reich., p. 153. 



186 Prof. BischoiF on the Temptraiure of 

df d, df are wanting, and when the waters which sink through 
the clefts to a certain depth, /, (PI. II, Fig. S) are forced again 
to the surface at h by hydrostatic pressure. 

SJ, Let Fig 4, PI. II, represent a mountain. The springs in 
the upper regions will most commonly descend through the 
sloping channels a&, cd^ ef. Here, then, will be an example of 
case 1^^, namely, when the interior strata can only be acted on 
by the external temperature. As the temperature decreases 
from below upwards, the strata situated nearer to the foot of the 
mountain will besides be cooled by the waters which descend from 
the higher regions. Should any part df the meteoric waters be 
enablcil, by entering extensive fissures in the mountain, to de- 
scend far below its foot, and reappear in the plain, it would 
bring up heat with it to the surface. So that, according as the 
observations be made in the mountain or in the plain, all other 
circumstances being alike in both cases, the results must shew 
an unequal increase of temperature towards the centre of the 
earth. 

If we consider all the cases above investigated, we see that 
the increase of temperature towards the centre of the earth, 
even if supposed in itself to follow one fixed law, must be 
found to be very different, according as the wells in which the 
observations arc made happen to be sunk at the foot of a moun- 
tain, or more towards its summit, on an extensive plateau or 
on the slope of a hill ♦, whether they be encompassed on all 
sides by impervious strata, arid whether they be immediately 
surrounded by high mountains or not. What innumerable 
combinations of these different cases may not be imagined by 
which the increase of temperature towards the centre of the 



earth might be influenced ? 



CiiAP. XIV. — What ififluefux luu tlic air on observatUms of UMfi' 

rature in mines ? 

That this influence must tend materially to disturb the ob- 
servati<ms is casilv to be foreseen. When shafts communicate 
with adits, or when several shafts of unequal depth are in commu- 
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with each other, it is well known that an uninterrupted 
change of air takes place, the direction of which deix^nclson the 
exteinai temperature being higher or lower than that of the air 
in the mine. In the former case the warm air ^nks down into 
tiw ahaft, and the cold air escapes from the adit ; in the latter 
the cold air enters by the adit, whilst the warm air rises out of 
the shaft. This change of air is not only dependent on the 
teasoDs of the year, but on the time of day, and even on the 
wind, which agitates the air without*. 

In the mines of Camwail, a. difference of I°.1S5 was found 
i«t a depth of 1071 feet between the summer and winter obser- 
*vatjon8-f'. In theauriferousniinesof /'ejiart'nadi Maaignana, 
in the valley of Anzasca, the March and August observationb 
jhewed differences of 1°,575 in a depth of 770 feet, which did 
twt entirely disappear until a depth of 1077 feet J. Among 
the above-mentioned observations, which have been carried on 
since 1828 in many of the Fruusian mines, holes were bored into 
the rock in places free from wet and draught, into which the ther- 
nometers, surrounded with a non-conductor of heat, were sunk, 
■o that the scales projected sufficiently to enable the observer to 
fead off the degrees without the necessity of withdrawing them. 
Not vith standing these precautions, fluctuations were caused in 
Uie hdght of the mercury not only in the upper but also in the 
lower stations, by the imperfect exclusion of the air from the 
Ibemiometers. From the table given in Chap. VIII. may bo 
•een how irregular these effects shew themselves at depths of 
XT to 63 feet ; but even from 1 45 to 738 feet below tlie sur- 
&ce differences of 0.562 to 2.25 occur, the latter of which were 
observed in the greatest depths. The variations of the ther- 
mometers in tlie upper stations corresponded in some cases very 
regularly with those of the atmosphere, but in others they were 
Itotally different. In (he latter cases the inBuence of the air 
.««a only have acted very indirectly. The fluctuations in the 
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lower station seldom corresponded with those in the upper, at 
one time being altogether different, at another time, although 
corresponding pretty exactly on the whole, yet eadi fluctuation 
being greater than in the upper stations. 

In Chap. VIII. it has been remarked, how, during the ob- 
servations in the Saxon Ersgebirge, even thermometers, the 
bulbs of which were sunk 40 inches into the rock, and that at 
depths to which heat cannot reasonably be supposed to be com- 
municated through the earth^s crust from without, still indi- 
cated tlie influence of the external temperature. Indeed, at the 
great depth of 1014 feet, at the lowest point of observation, 
the effect of the air in the mine upon the thermometer, which 
was increased by the bulb l)eing only situated at a distance of 
80 inches from the surface of the rock,* was very great. Here 
the greatest difference observed during twenty-eight months 
amounted to 4°. 77. The result of the experiments was, that 
out of 99 diiTcrent points of observation, situated from 147 to 
1014 feet below the surface, 18 were found to give evidence of 
the more or less considerable influence of the seasons. In one 
place, at the depth of 687 feet,"}" during three years, the highest 
temperature was observed in the middle of the winter, the 
lowest in the middle or towards the close of summer. The in- 
fluence of the air could be observed with the greater cer- 
tainty, in these experiments, as other thermometers, exactly 
corresponding with those sunk into the rock, were placed, as 
we have before mentioned, close by them, for observing the 
temperature of the air. 

From all this it follows, that it is extremely difficult, or, in 
fact, literally speaking, im|>ossiblc, perfecttly to j)rotect the bulbs 
of the thermometers, buried in the rock, from the influence of 
the seasons. This would be no inconvenience, if the effect con- 
tinued, as far as the place of observation, to correspond pre- 
cisely with the variations of the external temperature, provided 
the observations were carried on for at least a year. However, 
it may be supix>sed, with great prol)ability, and the observa- 
tions in the Erzgebirgc seem to favour the sup[x>sition,^ that 
the effect is more frequently to depress than to raise the tem- 

* Kcich. p. 38. t Ibid, j). 31. % Ibid. p. 133. 



Hot and Thernud Springg. 1S9 

Unfortunately ihe estciit of this efFect is iinposeible 
to be dttermioed. 

In Chap. VI. we noticed the natural ice-grottos, and, in ge- 
nentl, all po)i)t<i which possess a temperature lower than the 
Diean temperature at the surface. We liien asserted, with great 
[fusibility, that their number might easily be incfea^ with 
a little attention. Several philosophers, and, among others, 
Kupfler*, have wished to explain this phenomenon, by suppos- 
ing that the cold air which sinks into such caverns in the win- 
ter, cannot, by reason of its greater specific gravity, easily re- 
ascend during the summer, or, at least, that it only gives way 
for other colder layers. Although this explanation will no t 
suffice in all cases, yet in many it may be admissible. This 
granted, the ohservations on the increase of temperature in the 
earth would suffer material interruptions in places where cir- 
cumstances are similar to those necessary for the existence of 
ice-grotlos. 'I'he above-mentioned observations in the Er«ge- 
birge-, furnished exemplifications of this fact. 

Chap. XV. — Wltat inflMtux has dimate on the progression of the 
aureate of temperature, towards the centre of the Earth f 

Although circumstances of clintati.' may <ii'i';i' iliBercnces of 
Berera) degrees between the mean temperature of places situat- 
ed in Ihe same latitude, at the same elevatiuii, and at no great 
distance apart, yet it cannot well be supposed that the in- 
fluence of such variations would be felt to any great depth in 
the earth's crust, indeed it could hardly extend beyond the 
point where the temperature becomes constant. In such a 
case the progression of the increase of temperature would be 
found very difTerent in those places. 

The climate of a place is influenced by a superabundance of 
woodland and humidity, and consequently by aridity and 
barrenness; the former causing cold, and the latter increas- 
ing the warmth of the cbmate ; further, by the radiation of 
heat from healed plaleuus, the nature of the soil, the vicinity 
of glaciers, the accumulation of clouds, and so forth. Thus, 
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for example, according to Boussingault, the mean temperature 
of the valley of Magdalma in the Cordilleras^ situated at a 
height of more than 600 feet, is the same as at CartiuxgefMj on 
the sea coast. On the other hand, geological peculiarilies and 
proximity to active volcanos do not affect the climate. Purad^ 
PastOy and Cumbaly which are commanded by active volcanos, 
have not a higher mean tcm^x^rature than Bogoict^ Sania Rosa 
de OsoSj and Puramo de Hcrvt, which repose on a perfectly 
unvolcanic soil. 

This subject is treated at greater length in Chapters XVII, 
and XVIII. 

Chap. XVI. — The unequal power of conducting fteat, possessed by 
different rocks, causes differences in the progression of the increase 
if temperature towards the centre oftlic earth. 

This seems to be particularly striking with respect to metal- 
liferous lodes. Fox* observed in a mine in ComwaU^ that 
thermometers sunk into a metalliferous vein, stood in general 
S°.25 higher than when placed in holes bored in the rock, par- 
ticularly in granite. Tin veins usually shewed themselves 
colder than those which yielded copper. The tin mines of 
the Sauberg at EhrcnJricdersdorf'\ also shew a remarkably 
low temperature ; indeed, it is a previiiling opinion there that 
stanniferous mountains arc colder than others. At Ehrenfrie- 
dersdor/l the correctness of this opinion could never be ques- 
tioned, because, in many parts of the mine, ice is at all seasons 
of the year to be found in considerable quantities. The low 
temperature of Hcinrichssohlc^ in the Altcnberg district in the 
Erzgcbirgej was also su])ix)scd to be ascribable to the rocks c^ 
tinstone. J It may, however, be questioned whether this phe- 
nomenon be not a consequence of the dislocated state of the 
rock, caused by the peculiar metho<l in which it is worked. 



" AnnaL de Chim. el de Phys. vol. xvi. p. 80. Fox remarks that at equal 
deplhfl, granite and other hard rocks are, in general, of lower tenoperalure 
than clay-s)ate and other soil and porous rocks. 

t Ueich. p. 87 and 107. 

$ Ibid. p. 87 and 107. 
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with justice, considers this plicnomenen of great im- 
portancp, and remarks, that its Tiirther invfstigation would not 
only serve to prove the existence of a superior temperature in 
the interior of rocks and metalliferous veins, but would aiTard 
an additional objection to the liypotbesis, supported by several 
philosophers, that the higher temperature in mines is the re- 
sult of the action of the air upon substances, particularly the 
pyrites, on the walls of the galleries. To prove that the ob- 
servation alluded to indicates a more important source of heat 
in the interior, he adds two mathematical formulae from Fou- 
rier's Theorie de la Chaleur, from which it follows that, cteteria 
pariinu, the temperature of the mass of a lode which is in con- 
tact with the atmosphere is greater, the more easily heat is con- 
veyed into the interior of the mass. Cordier," in his observa- 
tiona on mines, also mentions the great influence nf a metalli- 
ferous-zone on the subterranean temperature, owing to its su- 
perior conductibility of heat. 

From the observations on the internal temperature of the 
earth, carried on in various mining establishments in the Prus- 
sian dominions, it has also been found, that the increase of tem- 
perature is, in general, much more rapid in coal than in metal- 
liferous mines.-f- Von Dechen, the publisher of these observa- 
tions, leaves it undecided whether this greater increase of heat 
19 produced by the decomposition of the pyrites and coal, in 
which case it would not exist before the opening of the mines, J 
or whether it is a consequence of the locality of the mine. If 
we take into consideration the difference of the facility with 
which heat is transmitted by coal and metals, we shall be in- 
clined, agreeably to the observations communicated above, to 
look upon this as the real cause of the phenomenon. From 
observations in five coal-mines, the result was, that an increase 



• Utoi. de r Acad. Eoy. de Sclencei de Paris, vol. vii. p. 473. 

^ PoKgend. Annil. vol. xxii. p. 4!>7 and following. 

t D' Aubuissoa (Joum. des mines, vol. ixi. Annil. de cbim. el de phja 
Tol. xiU. p- I&4. Sec on the otht^r hand, Vox, in Glib. Aunal. voL liivi. 
p. 427, 442, and 448.) fouod, In ■ miae near Huelj/oat in Bretagne^t'ti.e tempe- 
nture in the upper works to be 6°^ i but at the depth ofSSO metiei 1S*&, 
•nd llie water vitiiolic. See Cbnp. lit. 
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of temperature of 9"^ occurred in 138.3 feet, and from observa- 
tions in two metalliferous mines, the ilepth correBponding to an 
increase of 3,°M was 325,5 feel- 
Supposing that the temperature in the upper station of the 
metalliferous mines, where observations on the incresse of 
temperature were made, should he found 2°.98 higher thnn in 
the coal mines, whilst the temperature in the inferior stadon 
of both mines would be the same, the depth, corresponding to 
an increase of 2°.2S, would be in the metalliferous mines also 
123.8 feet. 

It would be difficult to make a correction for this not unim- 
portant influence on the increase of temperature, proceeding 
from the unequal power of conducting heal of different rocks. 

Chap. XVII. — Can the increase of Temperature tomardt the an- 
terior of the EaHk Jolloto the sarne law in aU jxa^ of the EarA, 
departing frora points all situated in the lame level ? 

According to Chap. VIII., the iofluence of tlie external tatK 
perature under the equator scarcely extends to the depth id 
twelve inches below the surface of the earth ; wliilst in ibe 
temperate zones it extends to a depth which has not yet been 
ascertained, but which iu our latitudes, perhaps, amounts to 
sixty feet. Curves may, therefore, be supposed to be drawD 
from the equator to the poles; at the former reaching to with- 
in one fool of the surface ; in our latitude lying at a depth of 
about sixty feet, and extending at the poles to a still greater 
depth, and thus describing the limit of the influence of the 
external temperature. A constant regular increase of tempe- 
rature, dependent only on the interior temperature of the earth, 
can, therefore, only be supposed to commence below this limit ; 
the crust of the earth above the line which marks the limil 
being exposed at the same time to the influence of the external 
temperature of the air, and of the interior heat of the earth. 
But under the equator the former influence disappears, and the 
increase of temperature depends solely upon the interior heat 
of the earth. In higher latitudes, on the other hand, both in- 
fluences are found to operate. This we £nd by observatioiu 
on tile temperature of those springs which have their origin 
within this limit ; namely, those springs observed by me, and 
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i in Chap. XVIH, Nu. 1, 8, IS, uat) 11, nhkh shew year- 
I variations of temperature, but have yet a higher moan tera- 
Brature than (hat of the place where they rise. In general, 
^ thermal springs which shew yearly variatioiiii of tempers 
re, may be considered as proofs of this assertion. 
It must be remembered that the limit of the influence of the 
ttemal temperutureis absolute, but not so that of the internal, 
.ccording as the depth Iielow the surface be greater or less, bo 
pill it require a longer or shorter time after the minimum tem- 
ratureofthe air, before the temperature of the variable crusts 
f the earth will begin constantly lo increase, until the tempe- 
e of the air reach its maximum. And according as the 
epth below the surface be greater or less, so will it require a 
mger or shorter time after that maximum, before the tcmpe- 
■turc will begin to decrease a^ain, which will continue until 
e return of the former period. Thus, during the first half 
!ar, there will be a transmission of heat from the surface to- 
uds the interior; and during the second half-year, on the 
otruy, from the interior towards the surface. This os- 
Qlation during these two periods can, of course, only take 
e within the variable crust of the earth. Should ever the pe- 
lod from the minimum to the maximum increase to the double, 
be depth to which the external temperature penetrates would 
Iso increase almost to the double. That, in fact, the maxi- 
mm and minimum temperatures of the air do not coincide with 
e of the soil ; but that the yearly extremes of the latter oc- 
ur, at the deepest points of the variable crust of the earth, 
ording to the observations on the temperature of springs, 
nit three months later than those of the former, is evidently 
I consequence of the slow transmission of the heat through the 
trata of earth and rocks. Thii« circumstance, however, has no 
Beet upon our considerations. 

But how is it with the heat proceeding from the interior ? 
iete we have no changes of the seasons. Here there is always 
in excess of heat in the interior, and a smaller quantity in the 
triable parts of the earth's crust. Tlie direction of the com- 
Dunication of the heat must, therefore, always be the same ; 
andy, from the interior towards the surface. In the part of 
e earth's crust, subject to variations of temperature there is. 
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consequently, a transmis^on of hc&t during one half of the 
year from below towards tlie surface ; and during the other 
half, from the surface towards the centre of the earth ; but 
from the interior it U emitted constantly from the centre to- 
wards the surface. That the latter is actually the case, is very 
clearly proved by the above-mentioned springs, which partici- 
pate in the variations of temperature in the outer crust, but 
yet are thermal. 

To find the law of the increase of temperature for a given 
place, entirely free from all external influence, the depth must 
always be first determined by observations, to which the im- 
mediate external influences penetrate. In Chap. VIII. we haye 
already seen that this is a difficult problem. 

If the external causes which have an influence on the tem- 
perature of the earth in a certain district, penetrate lo a cer- 
tain depth t feet ; then, all other circumstances being the same, 
this depth would be the same in the mountains of that dis- 
trict as in the plains. Let us suppose the district only to be 
of such an extent, that t have the same value at every point of 
it ; the limit of the external influences would then be parallel 
to the form of the surface, running horizontally beneath the 
pliuns, and rising under the mountains. 

Supposing the decrease of temperature to depart from tbe 
centre of the earth, or from any spheroid concentric with the 
surface of the earth ; it is immaterial what the temperature of the 
centre or of the nucleus bounded by that spheroid may be ; this 
decrease of temperature, all other circumstances being the same, 
cannot proceed according to the same law towards all points of 
the earth's surface in concentric spheroids. For in that caac 
there must be the same temperature at all points of the spho 
roid which forms the limits of the influence of the external 
temperature, whether under the equator, or under the poles. 
The decrease of temperature from the interior of the earth to- 
wards its surface must, therefore, follow different laws in dif- 
ferent latitudes ; that is to say, the temperature must increase 
tnoi-e slowly in proportion to the depth, under the equator, 
than at the poles. 

If wc imagine curves drawn from the equator towards iht 
poles, oil points of which having the mean temperature at the 
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equator, or 8r.50, tlicy will touch the surface at the equator, 
but will diverge from it as the latitude becomes hi^licr, and at 
the poles they will dip deejient intn the eartli." IF, fur ex- 
ample, we draw such a line in the meridian of Camiadly it will 
there dip to a depth of 1 44 fathoms ; for at this depth, accord- 
ing to Fox, the waters in the mines have the mean temperature 
of the equator. All these curves in the different meridians form 
a spheroid, which is somewhat more flattened than the surface 
of the earth. We may denominate the-se curves of equal tem- 
perature subierranean InotJiermal or cfitkonisothennal lines, 
from ;^4)v, the earth. It is easy to be perceived, that these 
cur\-eG will bend sometimes upwards nnd sometimes downwards. 
Supposing the earth onee to have had a higher temperature, equal 
throughout its surface, whether on mountains or in valleys ; 
then the increase of temperature towards the centre, all other 
circumstances being the same, and supposing the atmosphere 
at any place to have had the same lempcratiirc at all heights, 
would, after the cooling down of the eartli from the surface 
towards the centre, have followed the same progression from all 
points of its surface. But as the temperature of the air tie- 
creaaes in proportion to the height above the surface of the 
earth, tlie different points where the increase of temperature is 
the same, cannot, even within a small space, lie equally distant 
from the curved surface of the earth. If we apply this to an 
uneven portion of the surface of the globe, of so small an ex- 
tent, that the decrease of temperature caused by the difference 
of latitude is not perceptible ; then the curve ABC. Fig. 6. 
Plate II, parallel tn the surface nf the earth, will not have an 
equal temperature at every point. For, as the temperature of 
the air is lower at D than at E, the curve of equal tempern- 
tures must be different from ABC, and must pass through a 
point F, lying dee|Ter, or further from the surface than B,+ 

* Iftbrmean temperature at the North Pole ii,a9 Yon Biich assumes, 
^ tS'.SS, and if the l«tii]ffinituri> Ihor^ inc^reasea at the same rate is in the 
lempertXe zone, the curve of Rr.SO would tall at the North Pole tn a depth 
ofalSl feet. 

■<■ In former ohservations on the temiperaturc in mines, only the vertical 
■Irpth in which a certain increase of temperature has be«n discovered. Is 
Riven, » ithout taking into cnnslderation, that obaervat'ons from K to A miist 
VOL. XXIV. NO. XLVI1. JAKCABY 183R. K 
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From this it follows, tliat a chthonisothermal line of any tem- 
perature, which was under a small district parallel to the sur- 
face, cannot continue its course under a ndghboiuring mountain, 
either parallel to the external configuration of the mountain, 
or in the continuation of its former direction, but must curve 
upwards as in the figure. 

It might be for a moment supposed that the decrease of 
temperature from the base of a mountain to its summit, would 
follow the same law as that which takes place in the same di^ 
vation in the atmosphere. But in that case we could never 
find a higher temperature in the interior of a mountain than 
at its basis ; which, however, is contradicted by the observa- 
tions made in some mines situated in very high mountains in 
America. 

The workmen in the mines of Guancuniato in Mexico (%\^IB 
north latitude) find themselves at a depth of 1607 feet in a tem- 
perature of 98^.15. This is about 15^.75 higher than the 
temperature of the equator at the level of the sea, and yet thb 
point lies at a height of 4617 feet above the sea*. Boussiii- 
gault -f- found the temperature of the soil near the Hacicfida dd 
RoileOy at an elevation of 4128 feet, to be 68° ; and Von Hum- 
boldt, at an elevation of about 11,S00 feet above the sea, in the 
Mina del Purgatorio^ in Peru^ and in al)out the same latitude^ 
found a temperature of GtT.^S, The chthonisothermal line of 
68% therefore, rises 7072 feet between these localities. 

The rising of the chthonisothermal lines in mountains of less 
considerable elevation is also proved in onr quarter of the globe. 
In the bore at Pregny^ near Geneva^ (Chap. XIX.), a tem- 
perature of 63°.05 was found at a depth of 680 feet below 
the surface, and 511 feet above the level of the sea. De Saus- 
sure J found the same temperature in the mine at Bcx^ 677 feet 
l)elow the surface, and about 2300 feet above the sea. Thus 
the chthonisothermal line o( 63^.05 rises about 1789 feel between 

give a very different result from those made between D and B. This point 
was first mentioned in Von Dechen*8 thermometrical observations in various 
Prrtssian mines. * 

* Von Humboldt in Gill)crt's Annal. Ixxvi. p. 450. 

f AnnaL de Chim. an<l de Phys., vol. liii. p. 2-15. 

X Voyages dans les Alpes, g 1088. 
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Gencoa and Ber, London, situated in latitude 51 ".40' north, 
Jies 14 feet above the sea, and the mean temperature of die soil i^ 
51O.01. Theeighth gallery in the Churpr'm.-.-Friedrirk-Aitgutt, 
MrbatoUe, near Freybcrg, in nearly the same latitude, (50° .65'), 
lies 41 feel above the sea, and 926 feet below the surface, and has 
mean temperature, acwjrding to the average of three years' ob- 
servations, of 60°.28 •- Between these two points, therefore, 
which are situated in nearly the same latitude and elevation 
above the sea, there isa difference of temperature of G".??. The 
pcnnt in this Freyberg mine, at which [he temperature of the 
earth is the same as that of the soil at London, was found to be 
731 feet above the sea. So ihnt a chthonisothennal Hne of 
6I0.OI, supposed to be drawn from London to the Ersgcbirgc, 
would, at the former of these places, almost reach the level of the 
»ea, but in the latter it would rise to a height of 731 feet above it. 

Even many springs (Chap, XVIII) shew tlml the chihoniso- 
thennaJ lines suffer an elevation io passing under elevated parts 
of the earth's surface. Thus No. 1 and No. 8 shew nearly the 
same temperature. And as the latter lies 134 feet higher than 
the former, the ch thorn sot hernial of 5\°.35 must there rise 134 
feet within a distance of about two leagues. 

The rising of the chthonisothermal lines under mountains is, 
therefore, a very general phenomenon. Their inclination to the 
horizon is determined by the inclination of the side of the moun- 
tain, by the decrease of the temperature of the air or of the sur- 
face of the earth with the increase of elevation, and by the in- 
crease of temperature towards the centre of the earth. Let AB, 
PI. II, Fig. 7, be the sloping side of a mountain, and let the 
mean temperature at A and D = i°, and at B = /° — 1" : then 
BD is the depth in which the temperature increases 1°, and 
CB = AE the height in which it decreases 1° ; we have ihere- 
fore: 



tang X = tang BAC, 

= tang BAC- 
When the dcpih below ihe surface, in which the temperature 



BC 
, BC _ BD 



• Rdtli., [>. «7. 
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increases a certain number of degrees, is required, it may be 
measured either in a direction perpendicular to the borizon or to 
the surface of tiie earth at that place. In an horizontal plain 
these two directions become identical, and therefore it is un- 
necessary to make any distinction. This is not the case in 
mountains. A simple consideration shews, however, that the 
direction in which the increase of temperature in mountains must 
be measured is perpendicular to the slope of the hill, and not 
perpendicular to the horizon. If we suppose, for example, that 
a mountain forms a perpendicular precipice BC, Fig. 7, it is 
clear that the increase of temperature, caused by heat in the in- 
terior of the earth, cannot proceed in a vertical direction ; for BC 
is a part of the earth^s surface, and the surface is under the im- 
mediate influence of the temperature of the air. From B to C, 
therefore, there can be only such an increase of temperature as 
takes place in the same direction in the atmosphere ♦. 

That which is so evident in a mountain having a perpendicu- 
lar side must also take place in mountains the slope of which is 
more or less inclined to the horizon. The increase of tempera- 
ture in mountains can, therefore, only be measured in a direction 
perpendicular to their surface. So that in a conical mountain 
ADD, PI. II, Fig. 8, we can only measure the increase of tem- 
perature from the exterior to any point F in the interior of the 
mountain, in the direction EF or GF. But since the increase of 
temperature towards the centre of the earth has hitherto always 
been measured in a direction perpendicular to the horizon, it re- 
mains to be determined in what ratio are the lines EF and BF. 

Let the mean temperature at B = ^, at F = ^ -|- 1**, at 
E = ^ 4- a''; and let the angle B A C = a; let the temperature 
be supposed to increase 1°, in every n feet, in a direction per- 
pendicular to the slope of the mountain ; and suppose the tern* 

* If the increase of temperature in mountains proceeded in a direction per- 
pendicular to the horizon, and at the rate of 2*'.25 in every 115 feet, we should 
have an increase of temperature of 19r.26 from the summit to the foot of the 
celebrated tremendous precipice of Caravalleda, which has an almost per- 
pen(iicular height of 9800 feet ; so that at the foot there would be a tem- 
perature of ^8% as Von Humboldt found 5G^7•'> at the top at a time when 
the actual temperature in the Guaffra, on the sea coast, was only 8P;60. See 
Gilbert's Annal., vol xxiv. p. 26. 
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perature of the atmosphere, or of the surface of the earth, to 
decrease l"* R. (= 5^.25 F.) for every additional in feet in 
height, then we shall have 

BHamjr 

EF=(/»+l*— r — Jf'jnr^ (I — *)n 



but further, 



BE. ®^ 



tina 

EF i«BEcotaiiga 

^3jj fotai^ 
sin a 

Substituting the above values of B H and E F, we find 

0. cotanff a 
— jr} n S3 m jr ; — -■ — 
sina 

and from this we obtain 

1 

mcotanga 
nsina 

naina 



m cotang a + n sin a 

We have, therefore, 

m»8in a 



BH = 



Kl' = » — 



fli cotang a + n sin n 
n* sin a 



m colong <i + ft sin a 
m n cotang a 



m cotang a-\-n sin a 



BF- 



m n cotang a 



cos a (wi cotang a + « sin //) 

Example: let 

fis 116 feet 
m - C77 feet 

then we sliall have 

* == o°.047 
BH = 31.65 feet 
EF = 109.62 feet 
B F a 126.62 feet 

Thus, if in plains an increase of tem|)craturr of 2^S5 be found 
at a depth of 115 feet, the same inrrease will not he found till a 
depth of I^6.6S feet, in a vertical direction fiom the summit of a 
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conical mountain, whose sides make an angle of 80^ with tbeho> 
rizon. The relations will be the same, if from B (PL II. Fig. 9.) 
there extend a large plateau. The increase of temperatare to- 
wards the interior of the earth will still advance more sbwly 
in a vertical direction from B than in plains. But at a certain 
distance from B at K, the same increase of temperature will be 
found as in plains. In order to find the point E, we will sup- 
pose the temperature of the earth^s crust at I to be ^ higher 
than at B. If, further, the temperature at L be 1* higher than 
at E or at B, we shall have 

IL = (l~y)n 
KL»n 
KN ^mp 

but since 

IN=:IL8ina=s(l — y) n sin a 
liN = ILcosa sa (1 — y) A cos a 
KL — I.N «KN 

by substituting the values of these line:^, we shall have 

ii - (1 — y)n cos a =M*/ 

from which we get 

w(l — COS a) 



y = 



m — n cos a 



Substituting this value of //, we find 

T T n'*({ — cos a) mn — n* 
11-. = n ^ * = 

m — 7i cos a m — n cos a 

m — n cos a 

„^ mn{l — cos a) 
m — n cos a 

If I B and N K be prolonged till ihey meet in O, we shall have 

NO = INtenga=: (>» ^* - n^) sin « tang « 

M — n COB a 

OK=NO— KN 

(m 7i — n*) sin a tang a — m n (I — co8 a) 
m.~-n cos a 

BKssOKcotanga 

(mn — n*) sin g — *» n (1 — cos a) cotang a 
m-^n cos a 
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and if wc give to a, n, aud m, the saint: valuer as m the above 
example, we shall liod 



Uoder these circumstances, llicii, llie increase of teuipeialurc 
towards the centre of the earth, would be Ibund the same at K, 
at a distance of S47 feet from ihc point B, on the plateau B M, 
OA in plains. 

If the plateau B M he not horiwintal, the value of B K may 
be casilj' deduced from (he above formula. If BM rise, for 
example, at an an<r[e uf b from the horizon, the angle a is 
changed into a — b. If, on the contrary, B M fall at an angle 
of b, the angle a is changed into a + &. In the equation of 
B K, therefore, instead of a wc must put, in the former case 
a — i, iu (he latter a-\-b. 

The formula.' calculated above, enable us to describe the 
curves of tht- chthuuisuthcrmal linos in all mounlaitis. It is 
evident, tliat ihty must form very irregular curves in iiiouii' 
tains of irregidar shapes. If a B (I/' (PI. II. Fig. 10.) represent 
the vertical section of a niountainj the hides of which have au 
incUimtion of ^° and 7S°, and having a horizontal plateau on 
its summit; and if, further, its height lie (J77 feet, so that, as t( 
is above sup[>used, (he teui)ierature deereaRc 2°.2S from its foot 
to its summit, then the chthoni.sot hernial line having the mean 
temperature of the foot of the mountain, will take the direction 
of the lines oicficy: The numbers 127, 115, and 249, re- 
present the di-plhs in feet, in which the temgierature increases 
S°.25, and 25 and 69 feet are the distances from B and C, at 
which ibc nornml increase of temperature of 9", 25 in 115 feet 
will begin to prevail on the plateau. The (linien&iuns in the 
figure arc drawn exactly according to a scale. 

Among all (he observations which have hillnrti> been made 
for the sake of discovering, in a direct manner, the increase of 
temperature towards the interior of the earth, I only know one 
which has been made in an almost horizontal direeiion. It 
is that one which was mado by Bousbingault* in the metal- 
liferous mountains of MurmaCo. This mountain is so sleep 
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that it may aliiioit be called an enormous wall of porphyritic 
syenite. Several adits enter it at different hdghts. At the 
mouth of one of these adits, >4'94 llet above the level of the sea, 
the mean temperature is G8°.0, and the lemperature increases to- 
wards the inleriur of the mountain at the rate of 2°.25 io about 
1S7.5 feeL Boussingautt says ahoul, becausL' it ix not uniform, 
but varies according to the thickness of the rock nbove'the adil, 
or, which is tlie same thing, according to the form of the surface 
of the mountain. The miners work in an atmosphere, the tem- 
perature of which is nearly equal to thai on the sea-coast. 

This fact, together with tlip remark, that the increase of tem- 
perature is regulated by the thickness of the rock above the 
adil, proves very clearly that the increase of temperature can 
only be measured perpendicularly to the surface of the earth. 
It is singular that the above result accords within a foot with 
the increase of temperature found in a vertical direction, in the 
Erzgcbirge (see Chap. XIX). Supposingthe side of themouc- 
tains of Marmato to be quite perpendicular, and that the tem- 
perature of the surface there decreases S'.SS in 690 feel addi- 
tional elevation (see Chap. XVIII.), the chthoni so thermal line, 
having the mean temperature of the foot of the mountain, would 
then rise al an angle of ?9°.39 with the horizon. This is, in 
general, about the maximum angle at which chlhonisothermol 
lines can rise in mountains having a. pcrjiendicular ascent. 

We must not leave the question undecided, whether the va- 
lue of n, taken in a direction perpendicular to the surface of the 
earth, is always the same ; all other circumstances remaining the 
same, whether in plains, in deep valleys, surrounded with hi^ 
mountains, or in mountains. If the nucleus of the earth po*. 
sesses a certain quantity of heat, which is radiated towards all 
points of its surface, it might be expected that this distribution 
of the heat would be unequal at different points, according as 
they were situated on lofty projections or In deep hollows; 80 
that in the mountains, at the greatest distance from the centre 
of heat, the increase of temperature would proceed more slowly 
than under plains and valleys. But however probabte it may 
be, that a certain portion of the heat which spreads to the moic 
diitant points, suficr.s a slower decrease from the cenlre towards 
the surface ; yet it niusl, on the other hand, not be forgotte 
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t the Iiighest mountuius arc almost nothing in comparison 
'VJtb tti£ diameter of the earth, and that where hest is forced to 
'attend to greater distances from iia source, a communication of 
heat takes place from all sides. 

In the same manner as the chtb on isothermal lines bend t 
Wards ID mountains, so will they, on the contrary, curve dowii^~ 
VBrds under the sea, under lakes, and under glaciers.* The 
Imtom of the sea, between a certain latitude in the frigid zones 
UkI the equator, has every where a lower temperature than it 
lliould have in consideration of its latitude alone. If, therefore, 
'we draw a chth on isothermal line of f, from a continent or an 
bkmd, towards the hottom of the sea, since the lemperatui 
Acre more or less under t°, the line must sink more or less t 
pDW it. All other circumstances being the same, such a chtho 
ilStothermal line will suffer a greater depression, the nearer wi 
Ipproach the equator, and consequently the greater the value o 
I". The same thing takes place under lakes and glaciers ; andV 
ih a chth on isothermal line will sink deeper under these, cxffrif fl 
tanbus, the nearer they are situated to the equator, and the lenl 
Ikit elevation obove the sea. As, for example, according to Chap.' 
XJ-, the temperature of the sea in its depth, even in the torrid zone, 
;s not exceed 32% the cbthonisuiliernial of 81°. 50 (the mean 
iperature on the equatoil will sink to a deptli of about S500 
bn beneath the bottom of the sea, provided the value of n be 
lie same under the sea as under plains. Now if we take the 
litest mnuntain on thcearili as the measure of the greatest depth 
If the sea, we should have two jwinia under the equator of equal 
imperature, = 8r.50, the one touching the surface of the earth 
terra firma, the other situated S6,500 feet below it. Similar 
Terences will occur, though of smaller extent, between two 
loints of equal temperature, one of which is situated on the 
•nks of & lake, or near a glacier, the other beneath the bottom 
the lake, or under the glacier. 



'* That which holds good for gladers is nlso appticahle to uccumulstion: d 
■ir and Ice id iiarmw vnlleys, oiilj in a much less di^gree. See Von 
Gilbert's Ann.il., vol ili„ p. 2. 
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If the line DA, PL II. Fig. 11. represent a part of the surfiuse of the 

earth on the sea-coast or on the banks of a lake ; DAC the angle formed bj 

the line AC, which runs along the bottom of the sea or lake to its deepest 

point C, and the line AD ; and if, further, the mean temperature at D or 

A = ^,at CnB/*_/)% at B =1°— />*'+ 1% and consequently BCefi; we 

shall haTe 

DAB « DAC — BAC 

and BC being perpendicular to AC we find 

. «.^ BC » 
smBAC-^-^ 

Thus, then, we find the inclination of the line AB, the 
chthonisothermal of f, to the surface of the shore of the sea or 
lake.* 

What will be the value of n, beneath the bottom of the sea, 
of lakes and of glaciers '^ As direct observations are here en- 
tirely wanting, we must be satisfied with determining, by general 
considerations, what will be the ratio of this value to that which 
has hitherto been found beneath that part of the earth'^s surface, 
which is not covered with water or ice. 

Let us imagine to ouriclves a point at the bottom of a lake, 
which, if the lake were not filled with water, but with the solid 
substance of the earth, would have a temperature /^, a temperature 
higher than 38°.75 : then, if by any revolution of nature the solid 
matter above this point were suddenly to be removed and re- 
placed by fresh water, this jx)int would assume the temperature 
of the water. But this temperature would, after some time, 
change to that at which water assumes its greatest density, pro- 
vided the temperature of the mr at the surface had, during that 
time, been reduced so low, namely, to S8°.76 (Chap. XI). 
Under all these suppositions the said point would, therefore, 
have been reduced in temperature from f to 38°.76. But since 
the difference of temperature between this point and n feet below 

* The deepest point of the bore at Pregny near Geneva is GSO feet be- 
low the surface of tlie earth, and is nearly on the same level with the bot- 
tom of the lake, near Geneva. The temperature of this point is 63^05, that 
of the lalce in its depths, and consequently, also of its bottom, is, according to 
Dc la Beche, 43". If the temperature increases beneath the bottom of the 
lake at the same rate as in the bore, the point beneath the bottom of the hikc^ 
which has a temperature of GS^O^, must be situated 970 feet lower than the 
jowest point of the bore. 
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^ was originallj f" + 2°.85 — C = 2° 25, after it became covered 
with water this diflVrence must have risen to f + 2,''25 — 88.''7S = 
*• — Sfi'.SO. So that the higher the original value of f was, the 
^greater will be the difference after the fJUing up of the lake 
irith water. Now, as in general, a difference of temperature of 
'V.^ occurs in n feet, a greater difference of temperature than 
9.9S for the same deptli cannot long exist. The cooling of the 
Iwttom of the take, whicli at the moment of its filling with water 
& only superficial, will soon extend to a greater depth. But 
ilKwever deep this cooling may extend, yet there must be a 
||KNnt at which it becomes equal to nothing, or at least imper- 
^Ceptible. The increase of temperature beneath lakes, must, 
'therefore, follow a more rapid progression, that is to say, the 
due of ft must there be smaller than under the solid earth. 
The same will be the case under seas and glaciers : under the 
B, where it has a great depth, eveu in high latitudes, provided 
i]y thai the temperature of the bottom of the sea do not reach 
at degree which it would have, were it completely filled up 
idi the solid matter of the earth, and under glaciers also, only 
I long as the original mean temperature of the soil beneath 
leta is not reduced to 32°. (Chap. IX). Under the deepest 
of the sea, the value of n will be considerably diminished ; 
r, according to Chap. XL if the depth of the sea, under the 
[aator, for example, is equal to 6G58 feet, the original tempc- 
ture of the bottom of the sea would almost reach the boiling 
pmot of water. The reduction of this to 35°.96, the lowest 
kemperature observed in the depths of the sea in low latitudes, 
^rould consequently require a very considerably more rapid 
* temperature towards tlie interior. 
As the solid masses of our globe are very bad conductors of 
ttt, the reduction of temperature consequent on the creation of 
lake, or the filling up of an alpine valley with a glacier, must 
nxtaioly ensue very slowly, We may obtain a measure for the 
necessarj' for the progress of this reduction of temperature 
towards the interior, from the time which the temperature of the , 

il goes through the successive changes of tlie seasons, re- 
quires ia the temperate zones, to penetrate to a certain depth 
feto the crust of the earth. From the obsLTvations commuui- 
CBted ID Chap. VIII. and XVIII, we find that at a depth of 
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four U> six feet iIil' maxima and minima rollow about a month 
later than iit tlic air. In the shafts in nhlch I am mailing tliermo 
metrical obscL-vations at various depths, the maxima mid mimina 
at a depth of 24 ft.-ct follow more than two monllis after llioso 
of the air. The observations in the Erzgcbirge also shew, in 
general, that the maxima and minima take place later, the deeper 
the points of observation lie ; however, there in no perfect regu- 
larity in their succe^ion, which is, no doubt, caused by the dis- 
tributing influence of the external temperature. The springs 
also, which shew the smallest variations in tbeir temperature, 
reach their maxima and minima of temperature about three 
months after those of the air. But as the depths from which 
they rise are unknown, no positive conclusion can be drawn from 
them, as to the length of time necessary for the temperature of 
the air to penetrate to a certain depth. Thennometrical obser- 
valions, extending to the greatest depths, to which the external 
influences penetrate, will, at a future time, furnish us with accu- 
rate data, front which to determine the time necessary for the 
spreading of beat into the interior of the earth. Till tlu-n we 
can always assume, that about three months must elapse before 
the temperature at the surface can reach a depth of almut 60 
feet. But this depth does not only depend on the oonditctlbility 
of heat of the strata of rocks and earth ; but also on the difler- 
cnce of temperature. For the greater the change of temperature 
which a {joint of the earth suffers, the more quickly will litis 
change of temperature be communicated to the interior. The 
greater the reduction of temjierature, therefore ( to apply this 
to the example in question), which the bottom of a lake at tlic 
moment of its creation, or a valley which becomes filled up witli 
a glacier, suffers; the more rapidly will the reduction of tem- 
perature, all other circumstances being the same, travel into the 
interior. This is perfectly analogous to the effect of latitude on 
the depth, to which ilie external temperature penetrates into the 
earth. In high latitudes, where the yearly variations of lean 
pcralure arc greater than in low ones, the external temperature 
also penetrates more rapidly than in low latitudes ; because the 
point where the lempL'rature first becomes constant, lies deeper 
in the furmcrthan in the latter. But that which is effected by 
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a greater viarly variation of iciiiiniatiire, must also be effectwl 
by a greater inblanlaneous change of ti'm|M.'rature. 

Those scaB and lakes, nliich have a great depth immediately 
Sear shore, will producea depression of temperature on the shore, 
in coniieqiii'nce of the low temperature at their holtom. So that, 
if tile mean temperature at a certain distance from the lake,or 
where its cooling influence can no longer be felt, be f, the 
ch thou i)ui thermal of f" wilt bend downwards on approaching the 
It would Ik- interesting Ui discover the mean tem- 
tierature of the earth on tlie shores of deep lakes or seas, and at 
jVarions distances from them, in order by that means to ascertain 

what distance their cooling influeiire extends, and to dctei> 
'nine the ronwqueni curves of tlie chthonisolliertnol lines. For 
want of such obser^'ations, continued as they should be for at 
least a year, I made some solitary oliservalions on the temperature 
of tbc earth, at a depth of one TtKit, l>etwcen the lakes of T/nm 
and Brieitz, on the 1st Sept. 1SC5, from which I obtained the 
Ibllowing results : — 

X«ke of Thim, al itH surrace, clow to (he sliore, near NeiJuiui, '10.i^ 

the bottom, aLail?Iitliuri6 iJidiM, . BiM 



tbm Aar, where it 

theiAi, l«iii|>erutUTe of tlie sand uL the botloni or the lake, at 

MuneBpot, ....... &aiO* 

The Bwil. at iinoilier spot near the shore, where th^ lake ii vcrv 

■harbw, .' 67.Ga O 

50 41 Sb. 

Mean 67.03 
The soil, S30 pat-cs rmni the Like luiriinlu Unlcrseen . Gl.03 O 

67-20 Sli. 

Aleall naSU 

half-vray lvlHTonlh>7lokcnmi r.wrr.T«-n, . 02.37 

67-42 Sh. 

Mean fifl.BS 
Bl Unttrtem ...... 61.47 

sn.DS Sh. 



* The oWrvaliniia marbeil were mnile in manv gilaces expuserl to the 
ft of tbeiun ; thaie marknlSh.,un the other hanil, nere mailo in the aliade 
I the nai-ih aide of houses, w.ULs. and «n Torlh. 
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The BoU near /nlsrAMiwi towards the Ue of JEMnM^ . 61.05 

66190 Sl 

Mean SM7 
— 40 paces from the hike of BrienMp . . 5aM Q 

— .^.... 8 paces from the bke ofBrimut^ • . 56.40 Sk 



Mean 68.97 

Thus, the temperature of the surface of the earth decreased 
2^.92 from Unterseen towards the lake of Tlamy as well as to- 
wards the lake of Brienz. But where the observations were made 
on the shore of the lakes, they become gradually deeper and 
deeper ; and the deepest points in both lakes are at a great dis- 
tance from the shore. 

The following observations also prove the cooling influence of 
the bottoms of lakes on their, banks. 

Near Dariigeth on the lake of Thun, . . . 57.87 O 

At Aeschi on the Nieten, 930 feet above the lake of Thun, 57.S0 Q 

6&05Sh. 

Mean 66L68 
At the lake of BrienM, near the Giesbachy and not far from the place 

where the lake is deepest, ..... 6S.87 O 
1 578 feet above the lake of Brienx^ higher up than the waterfidls, 53.37 Sh* 

Notwithstanding the immense difference of elevation between 
these two points, the temperature of the soil was the same. Bat 
I do not mean to maintain that there is no decrease of tempera^ 
ture between these two points. The mean temperature of the 
point situated 1578 feet above the lake of Brienz would cer- 
tainly be found lower than that on the bank of the lake. At 
the time that I made those solitary' observations, the tempera* 
ture of the soil at a depth of 1 foot was above the mean ; but 
more so at the higher point than near the lake, because the 
yearly maximum occurs later in higher regions than in valleys. 
Hence the equality of the temperatures observed at the two 
points, notwithstanding their considerable difference of elevation. 
However, it may almost with certainty be assumed, that^ owing 
to the cooling influence of the bottom of the lake on the lower 
point, a smaller decrease of temperature would be found between 
these two points, than in places where no such cooling influences 
exist. 



46.63 
61.12 
51.13 
52.47 

M.Ht I 
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III llie sanii: mauiier, as lakes and sens cause a ilepression of 

iperature in ihe'ir itnincdiatc environs, so do also tlie glaciera. 

'o prove this, I also made some observations near the lower 

ier of Grindacald, at a depth of 1 foot,* on the 26th 

iOgtut 1835, ihe reGuIts of wliich were as follows : — , 

»B in Ihe gbcier, +3C50 

thebaoki ut'tbc gUvier-streain, where the fint vegetation, grass 
'«nd llder-lTee«, be^B, 
paces From the eiame, 
paces tTdm llie lame, nenr the bridge, 
paces Ironi the eaiue, bcyonil tlic liHJge, 
paces Trom tlicwinie, where the firat polaltic»ai 
Vhere Ihe first maple and cberrj' trees stand, 
U6 paces from the liaiika nf the glncicr-strcam, t 
teAtn«, near the hridge, 
llj fi paces (ram the same, 

BB paces fnim the f(Iacier, near CriniBliraf'l, ivher 
la grown, ..... 

Quite close to the glacier the temperature of the soil is consi- 
lerabl; mixlified by that of the air. Thus at the same spol, 

the glacier, where the temperature of the soil, on the 26th | 
bigusi. The weather being cold anil damp, was 46^'.C2, ros< 
lr-97 on the S8th, when tlic weather had become fine and v 

; and on the 7th September, up to which time the days had j 
mtinued warm, I found it as high as 49°.S2, At Grivdciwaldj 1 

the contrary, at a distance from the glacier, the temperature 
ittmsed from the 26ih August to the 7th September, 52'.G7t 
hieh vas exactly correspondent to (he advance of the season. 
A cbthon isothermal line of t°, at such a distance from the ghi- I 
(T that its cooling influence on the soil could no longer be fell, I 
totild, therefore, bend downwards on approaching the glacier. J 



e tlic Grat wheat 



b0.7b 



" The first observation only excepted, »l;ich, on accoiml of the quantity I 
IttfttU)*, could oniy lie mnde at n depth uf 6 inches. 1 

+ Thi«Bomeirl!Bt lower temperature probably proceeds (rom a copious brooC I 
UA nins down from the Mcllenbsrg, at the very spot where the observatiga J 

r"* made, with a temperature or4.r.ei. 
f Bere we sec the cooling influence of the SchwaTze Vilifhine whow 
:iire in only 41''.00, but which disappears, however, as Ihe succeed- 
otMervations shews, nla disianceof 8 puces. On Ihe 21th December Mr 
found tlie li^mperaturc of tl|o Sekvartc LutKhiw, under tlie Ice, Id 
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In order to obtain the elements from which to describe sudi t 
curve, I had a hole dug four feet deep, near the glacier of Grin- 
delwaldj and completed my preparations in the same manner as 
on the Fatdhorn (Chap. XVIII.). Midway between the gla- 
cier and Grindelwaldj at the foot of the Mettenberg^ a second 
bole was dug, and in the garden of Mr Ziegler, clergyman at 
Grifidelwaldy I had a third made of equal depth. Mr Ziegler 
has had the kindness to undertake to observe the temperature of 
the water in the bottles buried in these three boles once eveiy 
month, and has already communicated to me the first half-yearns 
observations : — 

fimx tiie Gtader.. ^t ^J^^ ,„ a^ C3«dm? 

1835. Sept2S. 39^20. 47^30. sr.OS. 

CM. 27. .35°.«2. 42M2. 4(r.86. 

Dec 2. 33^3^>. 37*. 17- 4\\4b. 

— 2R.§ 32\67. 33^r>7. 3y.3a. 

1«36. Mar. 1. 32*. 22. .32Mi7. :W.93. 

April 4. 3aM*2. 34^47. SfiM)?. 

Ilalf-veariv mean, 34^:J9. 37'.»«". 4-V2<>. 

From these averages no conclusions can be drawn. But if 
the mean temperatures at these three points should fall on the 

* At the same spot where I found 46°.62 at a depth of one foot, on the 
2Gth August 1836. 

t This is the nearest point to the glacier where potatoes grow, and when 
ma])le and cherry trees are to be met with. At the same spot I found 6l*Mt 
at the depth of one foot, on the 26th August 

X Near the spot where, on the same day, I observed 66**.75> at a depth of 
one foot 

§ It was impossible to observe at the end of January, on account of the 
great quantity of snow which covered the places of observation. Even on the 
Ist March, when the covering of snow had considerably decreased, it eoA 
some pains to reach the places, especially the one near the glacier* where the 
snow lay about five feet deep. Mr Ziegler, however, does not think that it 
has caused a gap of any consequence ; at least, if we compare the obsenra- 
tions of 28th December and 1st March, there seems very good reason to be- 
lieve, that the temperature could not have been lower between those two pe- 
riods, as the water at the two former places of observation would otherwiie 
have frozen and broken the bottles. However, if the mean temperature 
took place, as supposed above, on the 10th or 24th November, the minimum 
would have occurred on the 10th or 24th Februaiy ; and in that case the tem« 
perature might perhaps have sunk to 32**, or even below 32**. But at tUs 
temperature the water in the bottles, being quite undisturbed, might have 
mained liquid. 
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lOtb of November, as was ihc case in my observations near Bonn, 
communicated in Chaji^ XVIII., we might by Interpol at iitn in 
the above observations obtain a mean for eacli of the three poiatn, 
which would be as follows : — 

GUcier. MeUenbiirg. GaiJen. 

34°.90. 40'.98. 44°.S4* 

But should they fall, according to my observation on the Zv- 
wenburg, on the S4th November, the inlcipolation would give 
for the mean temperatures — 

At the Glacier. Mettenborg. In Gardeu. 

33°.91. 38°.30. 42'.68.* 

In the former case the increase of the mean temperature from 
the glacier to the foot of the McUenberg, would be 37°.37; and 
firom thence to Grindebt.'ald 36°.5(i ; in all 41°.94. In the lat- 
ter case the increase would be, from the first to the second point, 
4".99, and from the second to the third, 4^39, making in all 
8". 78. Taking the mean of these two results, we find that the 
Increase of temperature from tiie glacier to Grindelwald, a dis- 
tance of about 4500 feci, is 9°.36. If, then, the increase of tem- 
perature towards the interior of the earth, advances 9°.25 in 115 
fcct at the glacier; the chthonisothermal of 43°. 77, which, at 
Griruleltcald, touches the surface, will pass at a depth of 478 feel 
under that [wint of the glacier, and the chthonisothermal of 
89°29, which touches the surface at the foot of the Mettenherg, 
will dip 250 below the same point. As the second point of 
i^scrvation, at the foot of the Meilenberg, is situated about 1 800 
fcet, and the third at' Grindelwald, about 4500 feel disiantfrom 
ihe glacier ; and as, farther, the two lirst places are nearly on 
the same level, but Grindelwald Si8 feet higher than the lower 
end of the glacier ; those chthonisothermaU must form an angle 
with the horizon of about 9'=.10' to 10=.2T. 

These relations are illustrated in the diagram, Fig. 5, Plate S, 
where c is the point of observation of the glacier, d the point of 

* Reer found the mean temperature cf the nir at Afall, in the canton Cla. 
rtu, 25G0 &et above the level of ibe sea, lietween August 1031 and August 
>J833, to be 4U°.83. (Frobel and Heer, Mittheflungrn au9 deni Gebiete der 
IhcoreU Erdkunde. Zurich. 1S3I1. F. 402.) As GrimUltaild I es <^^^ feet 
Ugher than Mall, and in the vidnitj of the glacier, 42°.68 ia probably neat. 
er the tnith than 44'',IM- 
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observation at the foot of the Mettenberg, b the point of obecr> 
vation in the Grindelwald, ab the horizoDtal line, Fig. cib 
profile from the glacier of the Grindelwald, ed the chtboniso- 
tliernial line of 39°.31 Fahr., oaAj'gb the chthonisotheTtnal liar 
of4S°.77Fahr. 

From these observations it is evident, that the cooling influ- 
ence of glaciers on the soil in their vicinity is not fell to any 
great distance ; but that it is soon counteracted by the heal of 
the air. This accounts for the remark so often met with in dc- 
Bcripiions of travels, that flowers and strawberries may be gathered 
within sight, nay in the immediale neighbourhood, of tlie glaciers. 

The mean temperature at the glaciers is about the same bs 
ihnX o( Barnaul, in Asiatic .ffiwaja. 63°, SCfN. Lat. ; ihataltlie 
fool of the Mettenbfrg is about equal to that of Moscow, 5? 
47' N. Lat. ; or to that of Dronthciin, 63" Z& N. Lat. ; and at 
Crlndchcald it is about the same as at Kanigxherg in 64* 42' 
N. Lat.* Such various mean temperatures and such various cli- 
mates are, therefore, crowded together in the vicinity of th»l 

The observations and experiments which have formed the 
subject of this chapter, answer the question, whether the iDcrease 
of temperature towards the centre of the earth follows the same 
law, departing from all points »tuated on the same level, in ihe 
negative. The experiments hare also made us acquainted with 
the chtlionisotbcrmals, lines of equal temperature, which, rigor- 
ously speaking, only remain parallel with the surface in plains 
within a very limited space, but bend upwards under moun- 
tains, and suffer a depression under lakes, seas and glaciers; 
thus always forming a greater or less angle with the horizon. 
Besides this, they must be a function of the curvatures found by 
Von Humboldl in the isothermal hnes ; for just as litlle as theae 
coincide with the latitudinal lines of the earth,+ will also the 
points of equal temperature in the interior of the earth be situa- 
ted at equal depths in the same latitudinal circle. 

I will conclude this chapter with an application of the fact, 
that the chthonisothermal lines curve upwards in mountainai to 



* Kunte Leiirbucb dcr McLeorologie, iL S8. 
t Schweigger's Journal, »sv. 2C1. 



•Boland Tfiermtd S/trinffS.^ 
ihe theory of the crcfltion of those warm springs, which rise at 
the fool of high mountains. As an txamplo, I will lake the 
wanii springs of the batJis of Lcuk, in the canton Wallis. 

The highest point near the Leukerbad is the Balm Horn 
^11,415 ftet above the level of the sea). Now if, accortiing to 
Chap. XVIII, tiie mean temperature of the soil is 32° at a 
height of fil95 feet, and if the decrease of temperature at thesur- 
fcce is 2'.25 in every 677 feet atlditional height, the mean tempe- 
rature at the summit of the Balm /fom must be + ll^se. If, 
fijrther, the angle which the steep sides of the Balm Ham form 
:th the horizon is 45", and this mountain be eonsidered as a 
we find from the above formula tliat the increase of tem- 
perature from the summit towards the interior, is equal to 2.°2J> 
fer every 1-15 feet. The temperature 32° must, therefore, be 
feund in the interior of the mountain, at a depth of 1X23 feet 
frotn its summit, or 10,202 feet above the surface of the sea, 
■nd water may be supposed to exist there in a. liquid state. 
From there to the level of the Baths of Leuk (4275 feet above 
the sea,* the increase of temperature, supposing it to continue 
to advance 2".25 in 145 feet, must amount to 12S°.37. If, then, 
»e imagine water to collect in the Balm Horn at an elevation 
of 1029a feet, and to flow down through clefts in the interior to 
die le%'el of the Baths cf Lciik, these waters will have become 
heated on their way to a temperature of 195°. "7, and will ap- 
pear at the surface with this temperature, which is equal to that 
of the hottest of the springs of Leuk. There is no contradiction 
in supposing liquid water to exist in the interior of a mountain 
ander a covering of perpetual snow. We find spring-water in 
even when the surface has been covered for months with 
At Bogodowsh, where the earth is covered with snow 
during the greater part of the year, the quantity of water in the 
nines is nevertheless no greater in summer and autumn than in 
winter, and only increases in spring, when the flood of the mete- 
oric waters is considerably increased by the sudden melting of 
tbesoow, and theoverflowingoftherivers.-f- Al Hudson's Bny, 
where the mean temperature is far below the freezing point, 



* According to Michaelis, (ji. ST^) 4'IU2 ket. 
t Kupfibr in rt^gendorlTs A.niiiil. tdL xv. p. I 
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springs flow tlirough the winter, under a covering of ice and 
snow.' The supposed collection of water in the interior of the 
Balm Jlom (which &uppo!>ition is justidecl by tlie sinking of 
such enormous boilies of waltr as ilio&c of the Dauben See on 
the Gemini, as well as by otiier plienomens, from which it is 
evident that the limestone has there giifTered very considerable 
fissures in the interior) may be fed during the summer by the 
partial melting of the snow, for even on the summit of Mont 
Blanc it someliraea rains during the warm summer months, and 
the snow is there sometimes seen lo begin to melt. 

These considerations prove the possibility of the creation of 
warm springs in the Alps, when water in the interior of the 
mountains comes down from a great height, and, after passing 
through the warmer strata of the earth, makes its ap)>eanince in 
the valleys below. Such warm springs may even rise in very 
considerable elevations, provided there be still higher mountaina 
in the environs. I will only bring forward one example more: 
if water should penetrate from the above mentioned mines of 
Cuanaxitab) in Mea^ca, where the temperature is already as high 
as gs°.15 into the interior of the mountains, as low as [he level 
of the sea, its temperature would then have risen to 189°.S0. 
Thus, then, in the high mountains of j^inerioi, boiling hot springs 
may be produced, merely by the infiltration of meteoric waters 
into the interior of the eardi, at an elevation of 9000 to 10,000 
feet, and their reappearance at the level of the sea, And as this 
height is more than 4000 feet below the hmits of perennial snow, 
the infiltration of the meteoric waters may be supposed to con. 
tinue uninterruptedly in winter as well as in summer. The ex- 
istence of such thermal springs, therefore, does not recjuire that 
the waters should be brought to the surface by hydrostatic pres- 




p 



Experiments on the Devdopmeiil and Gi-owth of the Fry i>f' the 
Salmon from the exclusio^t oftlie Ovum to the Jge of Seven 
Months. By Mr Johs Shaw, Drumlanrig, DuinfrieBshire. 
Comtnunicatt^d by the Author.* 

Thkke are few subjects which have hitherto afToriled more 
scope for speculative treatment than the natural history of llie 
salmon. From its birth to iti^ mature age its history is imolved 
in a degree of obscurity wliicli can only be removed by an ac- 
curate and long-continued series of experiments. The medium 
in which observations must necessarily be made, the migratory 
h^its of the (ish, and the proiieness of scientific men to rear 
systems upon partial and insufficient data, rather than to ac- 
knowledge the want of that correct information upon which 
alone systems can securely rest, all tend to embarrass the ques- 
tion, and discourage the investigator. These are diflicultiea 
which alike beset the path of the learned and unlearned ; but 
tiiere is another difficulty which more particularly presses upon 
the latter, and that is, the scepticism with which his observa- 
tions are generally regarded by scientific inquirers. This 
scepticism must obviously be met by increased industry and 
caution, and by an accumulation of evidence so conclusive as to 
overbalance the disadvantage of a defective scientific education. 
In the observations and experiments which form the subject of 
this paper, I have therefore endeavoured to proceed with that 
circumspection and exactness, necessary alike to convince the in- 
credulous and to protect myself from the charge of crude ob- 
.;aervstion. 

It was objected to the former paper which I contributed to 
this Journal, that my observations being made upon ova taken 
from the bed of the Nith, there was not sufficient evidence that 
these were the ova of the salmon at all, the same streams being 
accessible to other fish. However well satisfied I myself might 
be of the accuracy of my observations, I felt that it was de- 
sirable to supply this link in the chain of evidence, and I have 
accordingly repeated my experiments from the moment when 
the ova are excluded, preserving the skins of the parent fish 
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that no doubt may exist as to theiroffspring being the progeny- 
of the true salmon. I have also at stated intervals preserved 
specimens of the young to exhibit their progress, and to vindi- 
cate tlie opinion advanced in my former paper, that the salmoa 
fry do not migrate the same year they are hatched, but con- 
tinue in the river for two years after their birth, I may at the 
same time state, (hat I still adiierc to my former opinion that 
the parr is the young of tlie salmon, although the families of' 
the salmon in my possession have not yet reached that age when 
their identity may be most distinctly determined. 

Before proceeding to make the experiments about to be re* 
corded, it was necessary to lay my experimental basins dry, noti 
only for the purpose of removing the young salmon of last sea- 
son's produce, but also to enable me to fit them up on such a 
principle as would exclude any possibility of confusion either 
from the overflowing of the ponds themselves, or from the 
flooding of the river Nith, on the banks of which they are situ- 
ated. The plan on which these ponds are constructed is shetni 
in Plate IH. Every precaution has been used not only to ex- 
clude error, but to place the young fry in circumstances as 
nearly resembUng the state of nature as was consistent with 
their preservation. 

T)ie ponds, which are three in number, are two feet deep, 
and' thickly embedded with gravel, while they are at the same 
time supplied with a small stream of spring-water in which tlie 
larvie of insects abound. Pond No. 1 is S5 feet in length by 
38 in breadtli, and is fed by the stream which debouches into 
it at the fall F. Pond No. 2 is 22 feet in length by 18 in 
breadth, and is fed from pond No. 1 at G, where the coto- ' 
municatiou is carefully grated witli wire. Pond No. S is 50 
feet in length by 80 in breadth, and is fed by the stream at F, 
having no communication with either of the other ponds. The 
waste water from pond No. I is conducted into pond No, it 
tlirough a square wooden pipe covered at the mouth with a wire 
grating, the bars of which are about one-eighth of an inch apart 
The waste water from pond No. 2 is conveyed under ground 
to the distance of 20 feet in a square wooden pipe grate<i in the 
some manner as the former. Tlie waste water from \Kn\d No. 3 
passes down a square wooden pipe 2 feet deep covered at the 
iop with wire-gauze, and is conveyed under ground in a sma 
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psred drain to tlie distance of 20 feet from the pond. The , 
&r of tbe whole is then left to find its way to the river. 
7« prevent any communication arising from an accidental 
nBow of tbe ponds themselves, I have raised embankments 
■Ci the inler8e4.'ting walks of S feet in height, so that tbe 
fcl families of fish which tiie ponds contain can have no i 
^ direct or indirect, to each other. Where the rivulet is 
ded for the purpose of supplying the several ponds, I hi 
Bed an artifieiul fall in each stream, of a construction to prB- 
t the fi»h from ascending one stream and descending a 
6r. Finally, wliere the water discharges itself from tiie 
ds, the channels are so secured by wire-grating that it is 
KipoGsible for the young fish to escajw as for any other fisli 
ave access to them. The whole occupies an area of nearly 
teet square. 
My experimental basins being prepared, my next object 

to secure the fish, the progeny of wliich were to form the 
lect of experiment. With the \'kw, therefore, of securing 

salmon, mule and female, while in the very act of propa,- 
ng their species, I provided myself with an iron hoop 6 feet 
iametM-, on which I fixed a net of a pretty large mesh, so 
itructed as to form a bag 9 feet in length by 5 in width, 
en attached the hoop and net to the end of a pole 9 feet 
t, thus forming a landing-net on a large scale. The weight 
\te net with its iron hoop Ijeing upwards of 7 lb., it instantly 
k. to the Iwtlom on being thrown into the water, 
teing thus prepared with all the means of carrying my 
Briment into practice, I proceeded to the river Nith on the 
•faauary 1837, and readily discovered a pair of adult sal- 
1 engaged in dcfxtsiting their spawn. They were in a si- 
ion easily accessible, the water being of such a depth as to 
fit o! my net being employed witli certain success. Before 
leeding to take the fish, I formed a small trench in the 
gle by the edge of the stream, through which I directed a 
|1 stream of water from the river S inches dcq]. At the 
of this trench, I placed an earthenware basin of consider- 
I size, fur the purpose of ultimately receiving the ova. I 
^ Jtt one and the same instant, enclosed both the fish in the 
ft, allowing them to find their way into the bag of the net 
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by the aid of the stream. In capturing these fish, 1 consider- 
ed myself fortunate in securing them by one cast of the net, 
for, in conducting the experiment of artificial impregnation, il 
appears to me to be very desirable that the male should be 
taken, with the female of his own selection, at the very moment 
when they are mutually engaged in propagating their species. 
To take a female from one part of the stream and a male from 
another, might not give the same chance of a successful issue 
to the experiment. Having drawn the fisli ashore, I placed 
the female, while still alive, in the trench, and pressed from her 
body a quantity of the ova. I then placed the male in the same 
situation, pressing from his body a quantity of the milt, which, 
pas.sing down the stream, thoroughly impregnated the ova. I 
then transferred the spawn to the basin, and deposited it in a 
stream connected with a pond previously formed for its recep- 
tion, which, however, I have not considered it necessary to re- 
present in the accompanying plan. The temperature of this 
stream was 39°, of the river from which the salmon were taken 
33°, and of the atmosphere 36°. The skins of the parent saU 
mon arc now in my possession. 

On examining the ova on the 23d of February (fifty days 
after impregnation), I foimd the embryo 6sh distinctly visible 
to the naked eye, and even exhibiting some symptoms of viia- 
lity by moving feebly in the egg. The temperature of the stream 
was at this time 36°, and of the atmosphere 38°. On the 98th of 
April (114 days after impregnation) I found the young aal- 
mon excluded from the egg, which was not the case when I 
visited them on the previous day, Tlie temperature of the 
stream was then OP. On its first exclusion, the little fisli has 
a very peculiar aspect. The head is large in proportion to the 
body, the whole fisli measuring Jtlis of an inch in length, and 
of a pale blue or peach-blossom colour. The bag, which at 
this early age is appended to the upper part of the belly, pre- 
sents a very singular appearance. It is of a conical shape, the 
base being attached to the fish. It measures about |tbs of an 
inch in length, is of a beautiful transparent red colour, very 
much resembling a light red currant, and is easily distinguish- 
ed at the I>ottom of the water, even when the fish itself can with 
difficulty be observed. A slightly indented fin or fringe re- 
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mbling tlic toil of the tadpole extends from the dorsal and 
anal fins to the teriiiinatiou of ihe tail. The ova, which, for 
some time previous to being hatclied, had been almost daily in 
my hand for inspection, did not appear to suffer at all from 
being handled. When I had occasion to inspect the ovum, I 
placed it in the hollow of my hand, covered with a few di'ops 
of water, where it frequently remained a considerable lime 
without suffering any apparent injury. The embryo, how- 
ever, while in this situation, shewed an increased degree of ac- 
tivity by repeatedly turning itself in the egg, an action pro- 
bably produced by the increase of temperature arising from the 
warmth of the hand. 

Oh the 24th of May (twenty-seven days after being hutched) 
the young fish had consumed the yolk, but in a few days af- 
terwards the whole of this family, with the exception of one in- 
dividual, was found dead at the bottom of the pond, a circum- 
stance which has occurred more than once in the course of my 
experiments, arising, I apprehend, from a deposition of mud, 
the same result having been more than once produced, when 
the pond had not been sufficiently imbedded with gravel. 

To shew the effect of increased temperature in hastening the 
development of the infant fish, I may relate an experiment which 
I made upon a few of the same ova, from which this family pro- 
eeeded. On the 20th of April (106 days after impregnation) 
finding the ova alluded to unhatched, and the temperature of 
the stream being 41°, I took four of them and placed them 
in a tumbler of water, covering the bottom with fine gravel, in 
which I embedded the ova. I then fius])ended the tumbler 
from the top of my bed-room window, above which I placed a 
Jarge earthen-ware jar, with a small spiggot inserted in its side, 
from which I easily directed a stream of ))ure spring water in- 
to the tumbler. The waste-water was carried out at the win- 
dow along a wooden channel (itteil up for the purpose. As 
there was no fire in the bed-room, and the window facing the 
north, the temperature did not range very high, 47° being the 
average, while tlie average temperature of the water in the 
tumbler was 45°. During the night, however, the temperature 
would be very considerably increased, and the consequence was. 
the young fish in the tumbler were hatched in thirty-six hours, 



170 Mr Shaw'g Experiments on the Fry of the Salmon. 
while those remaining in the stream ilid not hatch till the S8th 
of April, a ctifTerence of nearly seven days. At lliis stage tlie 
little fish are so very transparent, that their vital orgnns are 
diatiDctly visible, and when ptaceti immediately under the eye 
of the observer they present a very interesting appcaraooe. 
The pectoral fin is continually in rapid motion, even when the 
fish ilself is otherwise in a state of perfect repose. They a1» 
begin to manifest an increasing desire to escape observation, a 
principle wisely implanted in thera for their better security, da- 
ring so feeble and helpless a stage. On the 24th of May (thirty- 
nine daysafter their birth) the fish in the tumbler were completely 
divested of the yolk, and the characteristic bars of the parr had 
become visible. At this time they measured nearly one inch 
in length and appeared to be in perfect health, but fearing 
tliat after the yolk was consumed, I should be unable to sup- 
ply them with appropriate food, I returned them to the pond 
from which I had taken them on the aOth of April, where they 
perished with the rest of the family. 

This last experiment proves, that by placing the ova under 
a temporary stream of water in the house, the development of 
the young may be materially accelerateil, while it also sliews 
that they may be kept alive for a considerable time afterwards ; 
at all events, until the yolk, which I presume to be their sde 
support at this period, is totally consumed. I mention this 
fact, because it has been stated by a recent author on the sub- 
ject, that their life in a state of confinement could not be pro- 
longed beyond a period of ten days. 

The next experiment, the circumstances of which I have to 
relate, lias been attended with more success than those which 
I had previously made. The process of taking the adult fisfa, 
and all the circumstances attending the impregnation, were en- 
tirely similar in this case to that already narrated. 

That the pedigree of the young fish may not be called in 
question, I have preserved the skins of the parents. The 
weight of the male when taken was 16 lb., and of the female Sib. 

The spawn was im]»regnated and deposited in the stream 
imniLilialely below the fall pomi No. 1. E, on the S7th of 
January 1837; tho temperature of the water iu the stream 
being 40°, and that of the water in the river 36'. On the 21sl 
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Lif Afaruti (5-t days after iinpegnatioii) tlie cmbrjo fish was 
viable to tlie naked eye. On the 7th of May (101 days after 
impregnation) the little fish liad burbt the shell, and were to be 
Hound amongst the shingle of tlie stream. The temperature of 
the water was at the time 43°, and of the atmosphere 45*. 
Fig. 1* is an accurate representation of Fift 1. 

the young fish ten days old, taken from 
Che pond on the 16th of May, A con- 
siderable portion of the ovum is still 
altache<l to the abdomen. Fig. ^. is 
a gpecimeii, forty-eight days old, taken 
^m the pond on the S4th of June. 
Its symmetry is yet imperfectly deve- 
loped. Fig. 3. represents the fish of 
two montlis' old, taken from the pond 
on the 7th of July. Its shape is now 

materially improved, and it presents in miniature the projwr- 

doDS of a mature fish. Fig. 4. is a specimen at the age of four 

Fig. i. 



months, taken from the pond on the 7th of September. The 
characteristic marks of the parr are now distinctly visible. The 
fish has attained a fine symmetry, and the features of ihc pa- 
TCDta may almost be discovered in their chilil. Fig. 5. is a 
Fig. 0. 





In Tcference to these illustrations, iC ma; be stated, tbal the drawing 
having been made from the iiiiecimeni) nfler thev hail been (at a considerable 
prescrvcil in spirilB, llie/ do nut pus^^ss all tlie [ilunipnesi and elegance 
of centaur vhkb distinguisli the fish In Ihclr natural state. Vor nil gene- 
n1 purpoHB, buwerar, I believe the; will be found nulliclenllj' exact. 
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specimen of six months^ old, taken from the pond on the 7th 
of November. Its shape indicates a considerable acoeasiaii of 
strength, and its approximation to the features of the parent 
fish becomes more striking. The gill-cover, on examinatioD, 
will be found exactly similar in shape to the full-grown salmoD. 
On comparing it with the parr in the river, of a corresponding 
age, no marked difference can be observed. The whole of this 
family, as well as another family in pond No. S, are in a state 
of perfect health, and feed freely on small worms, gentles, &c, 
with which I have continued to supply them during the sum* 
men* As nearly as I can judge, the number of the two fiuniliei 
amounts to about 100. Pond No. 2. is occupied with another 
family of the salmon, also produced by artificial impr^natioo. 
The history of this family will form the subject of another 
paper, after I have had an opportunity of verifying the experi- 
ment by repetition. 

On comparing the parr taken from the river at a correspond- 
ing period with those taken from the pond, I found that thej 
were uniformly of a darker polour, arising no doubt from the 
fish in the ponds having been reared in pure spring-water, while 
the parr in the river have exist^ ever since their birth in wa- 
ter of a more impure quality. The surface of their bodies has, 
therefore, naturally acquired a duskier tinge, a result ])erfectly 
well known to all practical anglers who have angled in the va- 
rious rivers in this country. The water of the pond, in conse- 
quence of being supplied from a spring at no considerable dis- 
tance, is of a more equable temperature throughout the year 
than that of the river. The temperature of the former du- 
ring the winter is seldom below 40% or in the summer above 
60% while the temperature of the river, which is much more 
under the influence of the atmosphere, is more variable, and 
reaches to greater extremes both of heat and cold. I appre> 
hend, however, that the mean temperature may not materially 
differ; and, while I freely admit that the difference may have 

* The circumstances attending the development and growth of the family 
in Fond No. 3 so exactly correspond with those of the preceding family, that 
their history would only be a repetition of the former. I may, however, Rtate, 
that the individuals in Fond No. 3 arc considerably larger than those in Fond 
No. I, the difference at the age of six months amounting to an inch. 
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inie influence on the progressive growtli of the fish by which 
^y are respectively inhabited, I »tili believe the final result 
■ill prove almost the same. 
Before concluding this paper, it may not be altogether out 
place to detail the particuiari; of a few simple experiments 
Dade to elucidate a very extraordinary phenomenon connected 
with tliis fish, namely, the fact of its changing colour under 
■crtain circiini stances.* In the course of my visits to the expe- 
imental pond, which were as frequent as other duties would 
Sennit, I had often observed, that, while the little fish remained 
■tationary in any particular part of the pond, they were always 
Jbund to be of a colour corresponding to tiie colour of the bot- 
tom, and when they removed to any other part of a different 
colour, that, after resting on it for a few minutes, they gradu- 
ally assumed a corresponding hue. Wishing, therefore, tn 
ivove the fact of this assimilation by actual experiment, I pro- 
cured two large earthenware basins, one nearly white inside, 
ihe other nearly black. I then placed a living fish in each, 
while at the same time I kept up a constant supply of fresh 
water in them. The fishes were of their natural colour when 
/first placed in the basins ; but they had not remained there 
more than four minutes till each had gradually assumed a c»- 
ilour nearly approaching to that of the respective basins in which 
they were placed. I next took the fish out of the white basin 
And placed it in the black one, and the fish which was in the 
black basin I placed in the white, antl the results were imiform- 
ly the same, — the fishes changing according to the colour of the 
surface over which they were placed, I next placed both fishes 
one basin, when the contrast for a short time was exceeding- 
ly striking. With the view of ascertaining what effect the 
light had in producing this extraordinary change, I next al- 
lowed the fish to remain in the white basin so long as effectual- 
ly to acquire the light tint, when I excluded the light from 
ihem altogether by covering the basin with a thick mat, and 
on removing it a few minutes afterwards, I found the fish v 

* Since (heee oliscrvatlona on tho l^hB^gi□g colour of the fish ' 
t^pes, mj attention hiui been directed to an interesting paper o 
NbJ«ct in reference lo llie minnon', stick lebaclt, and percli, contributed bv Dr 
Stul to the Number of this Journal for October 1S30. 
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again changed to a dark colour, which gradwally disappeared 
on exposure to the Hglit. The change of colour is prxxluced 
alike under a bright or cloudy sky. This singular phenotne- 
non, with which I have only now become acquainted, adds an. 
other to the many beautiful providons Nature has made for the 
safety and protection of her creatures. The cause, however, is 
a problem I make no pretensions to solve. 

To recur to the subject of the salmon's growth, I trust I 
have now succeeded, by a process of demonstration the most 
exact that could be attained, in establishing the fact, that the 
yoitng salmon does not proceed to tfte sea the same year in aludt 
it is lialched. Although I may not yet have succeeded in con- 
vincing naturalists of the identity of the parr and the youog 
salmon, it may yet be conceded that my researches have not 
lieeii altogether unproductive of benefit, cither in a scientific 
or economic point of view, if I have corrected an erroneous 
opinion as to the growth of the latter, entertained both by the 
legislator and the naturalist. The belief that the salmon mi- 
grates the same year it is hatched, has created an indiscrimi- 
nate slaughter of that fish, at an age when it especially re- 
quires the protection of the Legislature. There is no fish in 
our rivers that takes the fly more readily, and every little tyro 
who can cast his angle on the stream, can reckon pretty con- 
fidently on killing eight or ten dozen per day. Where a 
salmon river, therefore, runs through a populous country, the 
destruction of the fry from this cause alone is incalculably grcoL 
It is true the Legislature baa made provision for protecting the 
young salmon for one month, viz. during the brief period it re- 
mains in the river after assuming the migratory dress, but tor 
the two first years of its existence it is at present entirely un- 
protected. 

Before concluding, I may advert to the perplexing cireum. 
stance of the apparent mnturity of the sexual organs of ihc 
male, and the immaturity of those of the female jMrr. In my 
former paper in this Journal I have stated as follows: — 

*' That the female parr does not spawn is undeninble ; snd although the 
male parr of pif(hteeii mnntlia old is to be found in the river, with the mUl 
flowing Irom it in abunilance, all the winter rciund till about the end of Feb- 
ruary, yet no instance has fallen under tay observation of the roe in aoj fe- 
male of the teme age, or indeed of any age, having advanced to timiltr ma- 
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irit/. Tbe temnte purr ma; be found in Uic river In autumn, in nnrl/ 
tqual numbera to tlie mile, but tbe roe found in it has not the moat distant 
|^pe«rtiice or approaching to moturitv. I have alio taken it at times during 
~ e wbnle wiater. vh^n Ibe vreniher was mild, and Etill tbe roc hud no ap- 

'e of advaociog; and ctod up to tbe period of their tnigration. 
e thutul witb the roe in the same immature itate." 



The apparpiit maturity of the mole is a circumstance whid 
CBnnot be reconciled with any of the existing theories regard- 
^g the parr; and it is also, I confess, a dItlicLilty not easily 
TKoncilcd with the opinion I entertain as to its being the young 

the salmon. I trust that I shall not invalidate my statement 
*f observed facts, if I venture to suggest a hypothesis upon 
vhich a specidative solution of the difficulty may be attempted. 
In the case of the hive-bee, we see a vast preponderance of males 
jn the economy of the hive. The queen is productive to an 
extraordinary extent. She receives the conjugal embraces of 
jUl the males in the conununity, to enable her to perpetuate 
the race, aud send forth infant colonics to compensate for 
(be annual destruction of the species. The roe of the fe* ^ 

salmon is prodigiously abundant; and when it is coih 
ilidered that she spawns in streams where the milt of the 
OUy be often carried down without properly performing the * 
fiinction of impregnation ; when it is considered, besides, that 
male parr is found upon these streams with the milt flow- 
ing from him in abundance, have we not some ground for sus> I 
pecting that the female salmon, like the queen-bee, has tbtfl 
•id of a plurality of males in propagating her species ? I knov^ 
it may be said, that these parr atrend the female for a n 
ceptionable purpose, viz. that of devouring the ova which de- 
i^cend with the stream, and there is no doubt they do so to a 
yery considerable extent ; still, it is not beyond the bounds of 
poBubility, that the gratification of two appetites may be sul>. 
IKTved at the same time, and that they may be as instrumented 

perpetuating their species as they obviously are in destroj- ■ 

git. 

To conclude, I feel that my paper will be liable to many obbfl 

clions in a scientific point of view ; hut, as 1 make n 
toision to scientific attainment, I am entitled to the indulgeM 
Bf scientific men. I claim only to be considered a careful p 

observer, and an honest inquirer after truth, possessing 
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facilities of observation peculiarly advantageous, and a disposi- 
tion to take advantage' of these facilities to advance the know- 
Imlge of this interesting subject. For a number of years I 
have resided in the immediate neighbourhood of some of the 
liest spawning streams of the river Nith, and during the spawn- 
ing season I have devoted more attention to the operations of the 
salmon than most men under any circumstances have an oppor. 
tunity of doing. Finally, I may state, that I shall continue U 
take specimens of the young salmon from my ponds, at sUteil 
periods, until they assume their migratory dress, when I sh«lt 
embody my observations in another paper on the subject. 



1, On the Erratk Slocks of the Jura. By M, Agassiz.— !. 
On t/ie Production of Crystals f>f Insoluble Substancei by 
Artifidal Means. Uy M. Gaitdin. — S. Oii the Oprraiion 
of the Earths in the process of Vi'ffctaiioti.—i. On the Algt 
whkh commnnkated n Red Colour to the Waters of tome 
Salt Marshes. By M. F. Donal. > : 

1. Oa the Erratic Slocks of the Jura. By M. AoASsiz. 

Last year I spent several mcmths in the neighbourhood of I 
the Alps, for the purpose of studying the glaciers, and of ex- 
amining the observations of MM. Venetz and Charpentier on ' 
the great moraines, which are found at distances more or leai 
ccmsiderable from the existing glaciers ; and I have convinced 
myself of the accuracy of the facts adduced by these ob- 
servers. 

I have not been less struclt by the polished appearance pre- 
sented by the rocks on which the glaciers have moved, an ap- 
pearance which is still to be remarked in all the valleys, whose 
flanks are covered hy ancient moraines, at whatever distance 
they may occur from the existing glaciers. Thus the flanks 
of the valley of the Bhone are entirely polished, even to the 
banks of the lake of Geneva, more than a day's journey Aiuin 
the glaciers, wherever the rock has been sufliciently hard to 
^-ithstand the action of tlie weather. At the sight of this jjie* 
nomcnon, evidently produced by the glaciers which extended 
to the plains of Switzerland, and which, when they retired. 
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on their edges these ronccniric dikes of rounded blocks I 
Rmcd moraines, I remembered that the northern slope of the I 
hira, which face^i the Alps, also presents polished surfaceSf I 
tnown to us by the name of laves, and to which I had hith^i- 
b paid but httle attention. On my return to Neufchatel, I 
HUtened to examine more attentively these polished surfaces, 
nd I have ascertained that they are completely independent 
i the stratification of the Ijeds, and of the direction of the j 
in of the Jura ; that they extend along the whole surface, 
iwing its undulations, passing equally over the Neocomian 
the Jurassic formations, and presenting a polish as unin< 
ipted as the surface of a mirror, wherever the rock has been 
ntly exposed. These surfaces are sometimes even, some- 
les undulated, often traversed by furrows more or less deep 
sinuous, but which never occur in the direction of the slope 
If the mountain. On the contrary^ these furrows are oblique ■ 
^d longitudinal ; in short, they have a direction which at once | 
IKcludes the idea of a current of water having been the cause 
if the erosions, fiesides, we remark, on the surfaces that are 
lell preserved, fine lines, similar to the markings that would 
fe produced by a diamond point on glass; and which fotiow, in 
^eral, the direction of the oblique furrows. To any one who I 
W seen the Alps, it is evident that it is the ice which has I 
Reduced this polishing. It is over an extent of more than I 
Htnty leagues to the east and west of Neuchatel, that the I 
ferthem slope of the Jura presents this aspect, that is where- I 
•er it has been examined in this point of view, and neverthe- 1 
jto these facts have remained unknown to the present time. I 

■•Ao we find the erratic blocks of the Jura reposing on these 
rfished surfaces, the question naturally presents itself, Whe- 
jfer, as M. Charpentier had admitted, the glaciers had really 
ttmded to the Jura range, pushing Iwfore them blocks of al- 
|Ue rocks, and (xilishing the surface on which they moved ? ■ 
(constant fact opposes this idea, an idea, indeed, which M. I 
liarpentier baa already abandoned, viz. that the erralic blocks I 
Fthe Jura are angular, while the blocks of the moraines, con- I 
ianly pushed by the movements of the glaciers and rubbed J 
[nnst one another, are always rounded. This is also the case^ I 
Ith blocks of the most recent moraines, with those which ao« J 
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CI ID1 pan y existing glaciers; now, if the erratic hlucks of the 
Jura hat! been pushed by great glaciers to a distance so consi- 
derable as tliat of the Jura, they ought to be much more 
rounded thiin those of the moraineg. The same ought to have 
been the case if the erratic blocks Iiad been transported by cur- 
rents of water, whatever may have been their depth or rapidity. 
By this last hypothesis, it is impossible to explain how the Uk» 
situated between tlie Alps and the Jura were not completely 
filled lip, especially as we can demonstrate that they existed priffl" 
to the transport of the blocks. Very recently it has been at- 
tempted to reconcile these various phenomena by admitting, 
tliat the transport of the angular blocks was effected on finals 
of ice moved by currents of water ; but facts which I have ob- 
served on the Jura, and which had not been previously no- 
ticed, oppose this explanation. Tiie erratic bkuks of the Jura 
do not rei>wc immediately on the polished surfaces ; wherever 
the rolled pebbles which accompany the large blocks have nol 
been disturbed by subsequent causes, we find that they form a 
lied of some inches someliuies of several feet in thickness, ou 
which the angular blocks repose. These pebbles also are much 
rounded, even polished, and are so arranged tliat the larger are 
at the surface, and that the smaller, which ollcn pass into a 6nc 
sand, are at the Imttom, immediately on the polished surface. 
This order of superposition, which is constant, is completely 
opposed to the idea of transport by currents; for, in this latter 
case, the order of superpi>8ition of the rounded pebbles would 
be the reverse. The presence of a fine sand at the surface of 
the polished rocks also proves, that no powerful cause has acted 
on the surface of the Jura since the period of the transport of 
these alpine rocks ; and it is without doulit to the pressure of 
this i^and on the polished surfaces that we are to attribute tlie 
fine lines engraved on them, and which would not have pxisled 
if that sand had not been moved by a current of water ; for 
neither our torrents, nor the water of our lakes when violently 
agitated, pntdut'e any thing at all analogous on the satne rocks, 
even when they are charged with sand. I do not doubt that 
most of the phenomena attributed to great diluvial currents, 
imd especially those recently described by M. Selfstrucma Iuiv«, 
been produced by ice. 
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It would txr of gitat iiii|)ui'taiUT lo ascertain if, towarils the 
tolefi, antl in goiiiTal where erratic blwks exist, tlie surface 
rhicli supports them is polished as in the Jtira \ if every where 
lie large erratic blocks at a distance from the chains of niouo. ' 
buns whence they were derived are angular like those of the I 
Fura, and if, finally, they rqwse every whereon a bed of round- 
id pebbles which are smaller the nearer tliey are to the pultsh- 
D surfaces. If the academy could obtain information on this 
Ribjectfroni M.Dumontd'Urville, regarding the countries which 

is about to visit, a great step would be made towards tbe^ 
letenninaliun of one of the most imjmrtnnt questions in mo* J 
lern geology. 

L 0(1 the Production of Cri/atah of Insoluble Substances bif Arti- 
Jicial Means. By M. Gaduin. 
[ have now the honour of submitting to the examination of 
academy (French Academy of Sciences) various specimens 
insoluble salts, in the form of very ))erfect microscopic 
tystals, obtained by a process which I deem applicable to all 
»e substances, and capable of supplying them in crystals of 
dimensions. The process consists in placing certain solu- 
6ns in an artificial atmosphere ; as, for example, by placing 
nder the same receiver a cup containing moist cai'bonate of 
tamooia, and a glass Riled with a weak solution of any salt of , 
be, barytes, lead, he. At the end of some hours, there is I 
eposited upon the sides of the glass, crystals of a very pure car- 
i, ai these several bast's, as may be seen in the specimens 
hich accompauy this com munj cation. 

With regard to crystals composed of elements which are 
BTcely or not at all volatile, other arrangements must be had re- a 
! to. Thus, I have obtained the sulphate of barytes, for j 
tample, by putting under the same receiver a ilask of fuming I 
jrdro-chloric acid, and a glass containing water, sulphate of I 
De, and carbonate of barytes. I 

Solutionsof a salt of pure lime generally afford crystals under 1 
e form of primitive rhonibohedrons, or the principal modifica- J 
ins of that form; whilst the solutions of aragonitesimultaneoua- 1 
give crystals in the form of Iceland spar, and in the form (rf J 
rbonate of barytes ; and, what is very singular, a solution of I 
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coinnion chloride of calcium, apparently free from barytes and 
Btrontia, has afforded, on the same glass-rod, (which I here- 
with transmit), on the one side, tlie form almost e^tcluavely of 
carbonate of Irarytes, and on the other, the form of Iceland 
spar, a result which I did not at all expect, since the glasa-rod 
in question was marked with micrometric divisions, on which 
I expected to sl-c rhomboids which would be capable of doulv- 
ling the traces made by the diamond. 

The carbonate of baryles supplies crystals which are alto- 
gether jjeculiar ; tliey assume various fantastic forms and ar- 
rangements, and look more Like a plant than a mineral salt. 

I have for some time been engaged in preparing synntetri- 
cal crystals, that is to say, such as have no attachment or ad- 
herence, and formed, consequently, in a liquid or gaseous me- 
dium. With this object I have carefully studied the pheno- 
mena presented by the snow during the last winter. Since 
that time I have obtained crystals of sulphate^of tin, similar to 
those we find presented by wiow, and wliich were formed in a 
whirlwind of the vapour of sulphur. I have also recognised 
in the white marble of tlio Pyrennees microscopic crystals of 
silica. These two kinds of crystals, of which I send specimens, 
are, as will be seen, beautifully perfect, and those of the silica 
will, I trust, one day help us to elucidate the origin of primi- 
tive limestones. I also transmit crystals of carbonate of lime 
and carbonate of barytes, which are likewise symmetrical : these 
I obtained by pouring into a boiling solution of carb«>nate of 
ammonia a solution of a salt of lime, or of barytes, and then 
agitating the mixture. 

I now produce all tiiese crystallizations by pouring into a 
tnlie the length of the finger a saline solution, and placing in 
the upper part of It, before corking, a small portion of cotton 
moistened with the substance intended to form the artificial at- 
mosphere. Finally, to render these and all other microscofnc 
observations less fatiguing, I have thought of adapting a lens 
of a short focus to a stopper pierced with a hole, which receives 
the tulle, and in which it is made to glide at pleasure. Diame- 
trically opposed to the lens is a hollow conical mirror, wliicfa, 
by its upi>er portion, reflects the light upon that part of the tube 
ve desire to examine. In this way we may, with the elbowi on 
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(be table, readily examine much in a short time, and for u long 
tfme, too, without the least fatigue. I conceive that this is by 
Buch the most simple and useful microscope. 

As I am not near the termination of my labours on crystalli- 
sation, I have thought it right, in the mean time, to publish a 
few of the results I have obtained. I purpose shortly to pre- 
sent to the Acndemy addilional new crystals mode in a similar 
Banner, and at the same time a microscope made on the prin- 
ciples to which I have adverted. 

S. On the Operation of the Earths in the Process of Vegetation. 
I The following is an abstract of a paper on this subject, lately 
communicated to the French Acndemy of Sciences by M. Pelle- 
tier. Besting his opinion on the observations of agriculturists 
i^nd chemists, and more particularly on tlie analyses of various 
■floils made by Chaptal, Davy, and himself, the author admits 
itfaat a fertile soil must be formed of silica, alumina, and lime ; 
&a.X the fertility diminishes as one of these three earths predo- 
^nates ; and that it is almost null when the mixture presents 
pnly the properties of one of them. But why, and how is this 
nixture of three earths, with the addition of oxide of iron or 
nagnesia, a necessary condition of fertibty ? " This question," 
■ys M, Pelletier, " has not yet been satisfactorily answered. 
The physical constitution of the soils, their hygroscopic pro- 
Krtiee, their power of being more or less strongly heated by 
fae solar rays, are circumstances to which a certain influence 
IBay reasonably be attributed, but which, nevertheless, appear 
jto be only secondary causes. It seems, on the contrary, evi. 
^nt, that the mixture of the diflerent earths which compose 
Ihe soil, acts on vegetation by an electro-chemical force, whore 
nfluence has been recognised in other circumstances, but which 
bts not hitherto been pointed out as connected with the subject 
Bow under consideration." 

M. Pelletier remarks, that in a fertile vegetable soil the si- 
pca, lime, and alumina, must exist in a state of simple mixture ; 
Slat if these substances were combined the soil would be ste- 
lile ; and that, in a mixture of these ttiree earths, the fertility 
Irould cease, if the combination were to be effected instantane- 
ously. " For," says he, " in a mixture of silica, alumina, and 
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liinc, there exists a force wliicli must tend to combine these 
substances ; the silica and alumina are electro-negative bodies 
in respect to the lime, and in their presence the lime must ac- 
quire the opposite electrical condition. Thus, according as ex- 
terior movements, which are foreign causes, place the molecules 
at a greater or less distance, and group them in different man- 
ners, electrical piles are established, the degrees of tension will 
vary, discharges will take place, and the soil will be as it were 
animated. The electric fluid which pervades it will excite the 
radicular stoniata, and the absorption of the fluids proper to the 
nourishment of the vegetable will take place; and the radicular 
fibres impregnatetl by humidity will become charged conductors 
for transmitting electricity to the plant, an electricity which is 
certainly as necessary to life as light and heat. 

M. Pelletier afterwards considers certain practical operations 
in agriculture for im|)roving soils, such as the mixture of beds 
of earth of different kinds, the use of marl, the exposure of 
marls to the air, tillage, and the use of lime ; and he endeavours 
to deduce from his theory an explanation of the useful effects 
pnxluced by these operations. He then examines why, at great 
depths, where he thinks that the oxygen of the air and the car- 
bonic acid cannot penetrate, the radicles of the old trees can 
find carbonic acid, which, when absorbed, furnishes the carbon 
ncccssjiry for the nourishment of the vegetable. He admits, 
seeing the tendency that silica and alumina have for combining 
with lime, that there is a reaction of these two earths on the cal- 
careous carl)onatc, a combination, a formation of a silicate, and 
a disengagement of carbonic acid. Thus, then, according to 
M. Pelletier, at certain depths, and under influences hitherto 
but little known, the silica would decompose the carbonate of 
lime, while at the surface of the earth, and under the influence 
of external agents, the silicates would be decomposed by car- 
bonic acid. 

2. On the Algte which communicate a red colour to the waters of 

some salt marshes, by M. F. Dunal. 

We often j)erceive in the reservoirs of salt-works, termed 
tables, water of a beautiful rose colour with a violet reflection, 
or water having a ferruginous orange-red tint, at the edges of 
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which we observe a scum of the sanit: colour. Water thus 
coloured is very dense (25 to S6 degrees of Bauini-)< and is just 
■t the point of depositing crysttillized marine salt; but ibis 
pheaomennn is by no means so common as it ia believed to be, 
and, to use the expression of the salt-makers, it only occurs in 
old water. Very often the ta/ilea crystallize without our per- 
ceiving in the water any trace of led matter. Thousands of 
qidntals of sail have been collected this year in the salt-works 
of Bagnas de Villeneuve, and at that of Peccaia, and scarcely 
any coloured salt has been met willi. The R-d colour of salt- 
marshes had been attributed to the presence of a small bran- 
chitipode the Jrtcmia saiifia ; but M. Dumal has visited several 
sull-works wiiere that crustaceous animal existed in innumer- 
able quantities, and where the water, nevertheless, remained 
limpid and colourless. The Arlemiu snlitia observed in the«e 
waters was not at all red ; the young individuals had a greyish 
colour, and those more advanced in age a rose tint, approach- 
ing the colour of rust. When the water is concentrated by 
evaporation, the crustaceous anhnal ac<]uires a red colour, but 
the water itself is not at all tinged. We cannot attribute the 
red colour of the water of salt-works to the dead remains of 
the Artemia salina; fur, at the salt-works of Bagnas and of 
Peccais, MM. Dunal and Legrand observed a considerable 
quandly of the dead animals half decomposed, which had a 
milky appearance. 

Not being able to assign the presence of the ArUmia salina as 
ihc cause of the coloration of the waltr, M. Dunal began to inves- 
tigate the phenomena with attention. On taking some water from 
the upper part of a. pool, which seemed fitted with a liquid of a 
beautiful rose colour, or rose tinged with a violet reflection, M. 
Duna! only obtained a colourless liquid ; but, when he plunged 
his vessel to the bottom, he brought up some coloured matter. 
This substance, when submitted to the microscope, presented 
to M. Dunal numerous spherical globules, which were extremely 
small and hyahne, and seemed to be a true Protococctia, to which 
he has given the mune of Salitius. This small plant is develop- 
ed at the bottom of the water, and its beautiful rose or violet 
colour is reflected through the whole of the liquid which covers 
it. In other reservoirs where he did not lind ihc f'rotococcus 
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natinwi, M. Dunul tHscovercd aiiotlicr substaiice of a deep 
cirai)gc-retl i;olour, which agjpetiroil ut the surfat-e of the water, 
Onbeingsubuiittcit ton magnifyiDg power of SOO times the dia- 
meter, this substance exhibited a union of numerous individuals 
of a species of the genus Heematococciia, one of the simplest of the 
family of the Algfe,and which is characterized by its red jeminu/M 
or globules. It is wortliy of remark that it is another species of 
the same genus, the Ilctmalococctts Noltii, which gives the colour 
to the peat-hogs of Schleswig. The cellftUs of the tftemalococ- 
cus observed by M. Dunal, and which he names Salintu, are 
spherical or elliplicat, at first of an urange-rcd, and afterwards 
of a ferritginous colour. In the laminse of crystallized salt, 
M. Dunal observed long reddish threads. These were pro- 
duced by the IltEmatfKOCCtts salinus imprisoned in the crystals 
of salt ; and these crystals being dissolved, the plant is repro- 
duced in a state of perfect preservation. In the middle of the 
salt-work of Bagnas, M. Dunal has sometimes seen floating a 
red substanet.', which assumes the elongated form of a mass of 
Confervas. The HtemiUococcuJi salinus was at that place mixed 
with another rudimentary alga, which is merely a simple hya- 
line tube, without ramification or articulation, terminated by s 
point, and perfectly empty. This is a species of Protoncma, 
to which M. Dunal gives the name of Saltna. Although this 
botanist mentions a Proiocaccus salinus and a HiEmatococau 
salinus, yet he thinks that these two pretended species, which, 
according to the divisions generally adopted, it is necessary to 
range under two different genera, are one and the same plant, 
which, when young, is a Prolococais, and when more develop- 
ed is a Hwviatococcus. 

The salt assumes the tint of the different vegetables it en- 
closes ; it is orange-rod, or of the colour of rust, when it con- 
uuns the Htematococcus, and of a beautiful rose-violet tinge, 
when it includes the Protococcus. A delightful violet odour 
is exhaled by these coloured salts, and is retained for a year, 
when they are heaped up in prismatic masses termed CameiUt. 
The colouring matter formed by the Hieinalococctis, full of 
globules of an orange-red tint, stains the hands strongly. M. 
Dunal gives no details regarding the Artemia .lalina, as M. 
Andouin has already announced that he is investigating that 
liratuhiopudr. 
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'Account of a VisU to Uie FaUs on the Shirawali River in Ca- 
By the Rev. Dr Wilson of ifie General Assem- 
bly's Mission, and Dr Smyttan of ihc Medical Board. 
Bombay. Comtnunicated by Dr Wilson to the Hev. Dr 
Brunlon, Frol'cssor of Oriental Languages in the Univer- 
aty of Edinburgh, F.R.S.E., &c. 

Ok the afternoon of the I6th February 1837, we sailed from 
Honawar* in a light native boat, our baggage following us in an- 
other, to Garsapa, which is about sixteen miles due cast. The 
scenery on the banks is most beautiful, and in some places grand. 
Hills, generally of a considerable size, with their superior rock 



of laterite, which 



prevai 



, in the low part of the 



country, approach the edge of the water ; and they arc coveretl 
with vegetation, luxuriant and varied, except where the common 
bambu (Bamliusa arufidiuacea) predominates. It was late when 
we reached our destination : and it was later still when our 
horses, which had been led by a circuitous route through the 
jungle, arrived. Their keepers and the guides maintained that 
they had been greatly alarmed by the appearance of wild beasts 
on tile way. The sepoys in charge of the travellers'' bungalow 
informed us that they are numerous in the more open parls of 
the forest, which is not unlikely. Mr Mattley, of the Civil 
Service, alterwards shewed us the last annual government re- 
turns connected witll the ferine warfare carried on in the Nagar 
districts alx)ve the ghats. Ninety-two men and 901 cattle had 
1>eeD reported as carried off and destroyed, while rewards had 
fieen given for the skins of 100 tigers, 136 chiijis, four wolves, 
and twenty-six bears, which bad been killed by the natives. In 
some parts of the forest wild oxen and samhars abound. We 
started one of the latter. It seemed to me. from its great size 
and dark colour, to be the Cervua Jrislotelis of Bengal, and not 
the Cervus equinus, which, as mentioned by Colonel Sykes, 
abounds in the Dakhan. Its antlers, a pair of which we had 
examined at Honawar, are very kirge and heavy. 
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Near Garsapa are the ruins of an ancient town, which our 
limi- (lid not permit us to examine. We started early nest 
inuming, and commenced theuscentof theMalikali Ghat, which, 
except in a few places, we did not find so difficult aa weexp<«t- 
ed. The forest, which consists of the most lofty trees, on which 
we observed many troops of monkeys, of the species cnlelltu, 
sporting themselves, is on each side of the path densu atid im- 
pervious. From an eminence, whp re, for a few yards, there 15 
an open space, and wliere travellers generally halt for a liltle, the 
view is so nmgnificenl, that a description of it in the plainest 
prose would have all the effect of the most elevated poetry. 

The nwks which we noticed on our way were principally of 
uiiea-slute and unmixed hornblende, as at Hah'ali, at which *e 
concluded our march for the day, of sixteen miles. On the 
trees and bushes near the bungalow in which we were sheltered, 
we observed many birds, principally of the passerine order, which 
were new to us. Among thc«e, the Pl/ttticomit princept par- 
ticularly attracted <mr attention, by lis glosKy black and brilliant 
scarlet colours, and its dazzling flittering in the sun. In our 
neighbourhtwd there were some gardens of a considerable size, 
and well watered, for the rearing of betet-nut trees and pepper 
vines, to which they aflbrd support, and which twist around them. 
They yield a good produce, and belong to Haiga Jtrahmana, the 
most important agricultural class of men in that part of the 
country. Thoy seem to mc to corresfKind -with the Bhiilelis 
of Gujarat, who, though probably not originally of the priestly 
order, had their present status conferred upon them as an in- 
ducement to their acceptance of Hinduism. Those with whom 
we conversed have the Canarese language vernacular to them, 
and only a shght knowledge of Hindustane. The only charac- 
ter which they read, is the Devanagari. 

On the morning of the 16th February we started for the 
Falls. Our road was in a south-east direction, and lay through 
a beautiful country, containing many cultivated fields, and cor- 
rectly described by Dr Christie* as " combining the majestic 
appearance of a tropical forest with the softer character of an 
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£nf;lislt park," and iiaiJccd b^ my inielligeDt compsnion us nut 
unlike some pnrts oPlhc summits of the Nilgiris. We nrrived 
the bungalow of the Jog, the native name of the Falls, at 
ie a''clock ; and, under the impres^on that they were not far 
distant, we repaired to them before we took breakfasi, ha- 
ving a walk of three miles. Ilefore describing our impressions 
connected with them, I shall quote in full the only printed ac- 
count of them which I have read, and of the cxiRtence of which 
not aware till our return to Bombay, It will be ob- 
cerved that, though it is gL'neratly correct, we were enabled to 
extend our obaervatiun somewhat beyond that of the able wri- 
ter. 

Upon approai'hing tlie Falls,'' eaya Ur Cfarislie, " jiou cnier)(e troni n 
Uiii'k wix>d, and come auddiiiilj upon the river, gliding genlly among cun- 
filled muses of rock. A few steps more, over huge blocks uF gnaitv, bring 
you to the tirink ol^a fiMrfill chasm, rocky, bare, and black ; down Into wliich 
you took to the depth of a thoUEand feet ! Over its sides rudi the different 
fenncfaes of the river, the largest slrelcliing in une huge curling pillar of 
while foam, without interrujitinn to the bottom. The watem ure at thebot- 
L, bj the force of their fall, projected fiir out in straight lines i and, at some 
distance beloir the falls, form a Ibln cloud of white vapour, which rise? hi^ 
■liOTe the lurrouoding forest. The sides of the chasm are formed by sluit- 
iog strata of rock, the regularity of which forms a striking contrast to the 
disordei of the tumultuous watera, the broken detached musses of stone, one] 
the soft tint nf the croivnlng woods. 

" The ellecl of all these objects rushing at once upon the sight. Is Dw(\illy 
nibUme. The 8])eclator is generally forced to retire alter the first view of 
them, in order gradually to familiarize himself with their features { for the 
feeling which he experiences upon their sudden contemplation, anioupts al- 
to pain. After their first impression has somewhat subsided, and he has 
become accustomed to their view, he can then leisurely analyze their parts, 
mnd become acquainted with their doloits. 

The chasm is somewtuit of an elliptical form- At its narrowest and dee|iest 

jnrt it the principal fall i and over its sides smaller branches of the river and 

Jiltle riUsare precipitated, und are almost all dissipated in spray before they 

ICBcli the bottom- The principal branch of the river is much contracted in 

breadth before it reaches ihe brink of Ihc precipice, where it probably does 

It exceed Bfty or sixty leet, but it contains a very large body of water. 

" The Ms can only be seen from above, for the precipices on both sides of 

le river afford no path to admit of a descent. Some gentlemen have at- 

lempted to reach Lhe bottom by having themselves lowered by ropes ; but no 

one, to my knowledge, has hitherto succeeded. A view of the &lls from be- 

ouLl, I am convinced, exceed in grandeur every thing of the kind in the 

worid. The spectator can, very easily, and with great safety, look down into 

» very bottom. Some hirge plates of gnelis project, in an in- 
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clined poaillon, &oiu Its edge ; so that, b; Ujlng himself flat upon one of tliac, 
lie cui etretch bis bead considerably beyond the brink oftbe pre<^[rfce. 

" No accurate meiuureiiient has yet been made of the height of these &IU. 
Some who have seen theni declare, that their helj^ht roaches at lc«st 1 1D0 
feet : others, that it does not reach lOOD. I prepared a rope !KHI teet loof;, 
attached a stone to one end of it, and let It slipover the edgeaf arod^ wlucta 
pnjecta several feet beyond the side- of the precipice. When 500 feet of rape 
bad been let out, the stone was forcibly drawn townrils the principal lascsde. 
which soon involved it among Its waters, and snapped the rope. The ilone 
at this time appeared to be about 200 feci from s small ledge of rock, ■hid 
might be between 300 and 30O feet from tlie bottom. It U not improbabtF, 
therefore, that the height ofthe IslI is not much sliort of 1000 feet." 

I had determined to look upon the Falls, in the first instance, 
with llie greatest philosophical coolni-ss imaginable ; and then, 
after taking a survey of the whole scene, to allow my feelings to 
run riot as they might please. When, after stepping over some 
forty or fifty yards of rough and mis-shapen rocks, I had a^ 
prtKiched the perpendicular cliffs over which the torrents ofwa- 
XjiT arc precipitated, as I was essaying to direct my curious 
vision into the tremendous abyss below, my eye caught my fel- 
low-traveller prostrate Lipon the very edge of the rocks, with his 
head protruded beyond them ; and I was so suddenly awe- 
struck, that I instinctively recoiled some yards from my posi- 
tion, and with difficulty would my nerves allow me to resume 
it. They were again violently agitated by one of our guides, — 
in a fool -hardiness which he intended should gain our applause, 
but which we did not commend, — walking upright for several 
yards along the margin, and tossing up his body, as if threaten- 
ing to precipitate himself, along with the rushing waters. The 
dip of the gneiss, however, about five degrees landward, was no 
sooner observed by me, than I concluded that my centre of 
gravity would have a safe tnchnation, and, in the exercise of all 
my courage, I began to survey the awful chasm. My impree- 
aons it is utterly impossible to describe. I gazed in silent won- 
der, and noi, I trust, without adoration of Him who *' putteth 
forth his hand upon the rock, who overturneth the mountains 
by the roots, who cutteth out rivers among the rocks, and whose 
eye seelh every precious thing.'' 

Owing to the advanced season of the year, we did not find 
much water in the bed of the river. At the point of the am- 
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phitliratro nearest us, there is a streamlet exactly of a yard in 
depth and width. It rushes to the termination uf the roeks with 
great velocity, and meeting with not the slightest obstacle in ita 
descent from il,it seems lo Ehoototf'like a rocket, and is apparently 
I oomplelely dissipated in vapour long before it has passed through 
1 its appointed space. The centre fall has a much larger body of 
water. In the first instance, it rushes for about three hundred 
feet over an inclined plane of about forty-five degrees, in a beau- 
liful snow-white foam, and it afterwards descends perpendicu- 
Isrly into the basin below, with a thundering noise. The fall 
OD the southern side, with about the same quantity of water as 
the preceding, is, about a hundred feet from its commencement, 
■plit into two by a projecting rock, but it meets with no other 
obstruction. It can be viewed in its whole descent with great 
■d vantage. 

The report of a mass of stone which we threw over, was ex- 
Ktly fiin^ seconds in reaching us ; but it struck a ledge of rock 
before arriving at the boitom. We had no means of making 
fbr ourselves an accurate estimate uf the depth of the fall. It 
has been lately ascertained by an officer of the Madras Engi- 
neers to be lloO feet, nearly eight times that of Niagara ! It 
does not appear to the eye to be of that extent. The bed of 
the river is more than a quarter of a mile in the direct tine 
across ; and about half a mile, when measured along the margin 
of the ellipse. In the monsoon the water rushes in every part 
Ocer this, as we saw from marks oo the banks, with a depth of 
M least thirty feet. The fall is consequently at this season un- 
ivqualled in the world. 

Our desire to descend to the bottom was intense ; and though 
jOUr guides dissuaded us from making the attempt, on account 
of its great difficulty, they admiltii! its practicability, of which we 
had been assured by several friends. After we had taken break- 
,bst, and reclined for a little, our wishes changed themselves into 
■ determination. We crossed the bed of the river, stepping over 
the rushing floods from rock toroek, not far from the edge of the 
clilT. On reaching the south bank, we passed through a few small 
,jice fields and lopes of jungle, and then commenced our steep de- 
scent not many yards distant from the fall, with a sight of which 
We were occasionally indulged as we proceeded. Wc had a 
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Higlil of siepa nidply laid in some iwrls of our jourDcy. In 
otiier parts we had 10 pass over ihf surfat-c nf almost perpendi- 
cular rocks, laying hold, for support, of the roots and braticheti 
of large crei'pers. We began lo fear ilmt our urenj^b, much 
of which had been expended in the early part of the davj wuuld 
really fail us; but, though ready lo expire with fatigue, we 
reached the bottom. Here we rested for a little, and, after dis- 
pensing witli the greater part of our dress, which was completely 
soaked with perapinition, we directed our course to the pnnri- 
pa] basin, scrambling over liugc and shapeless masses of rock, 
which lay scattered in all directions. When we reached our 
destination, we found the rcHeeted heat almost intolerable, and 
our thirst excessive. Before our muscles suffered any collapse, 
however, we entered the watLT, which proved most refreshing. 
After bathing, we treated ourselves to a new light dress, and 
we found ourselves comjmralively comfortable, and prepared to 
enjoy the sublimities which we bad descended to witness. Such 
a scene of wild ruin was never beheld by us. The disrupted 
rocks piled around us; the dark, frowning, and perpendicular 
sides of the mountains, which our eye, from our position, could 
scarcely scale ; the boiling, deep, and roaring torrents at our fevt ; 
the clouds of spray and vapour in which we were enveloped; 
the westirn breeze reverberating in the hollow caverns which 
obstructed its progress ; and the thunder of the falls ; all seemed 
to proclaim that the elements of nature had conspired Against 
us, and filled us with terrific awe ! Their voice was, " Hast thou 
an arm like God, and canst thou thunder with a voice hkebim ? 
Deck thyself now with majesty and excellency, and array thy- 
self with glory and beauty. Cast abroad the rage of thy wrath, 
and behold every one that is proud, and abase him. Look on 
every one that is proud, and bring him low : and tread down 
the wicked in their place. Hide them in the dust together, and 
bind their faces in secret. Then will I confess unto thee that 
thine own right hand can save thee.'' An undying and beau- 
tiful rainbow in the perpetual clouds above us, was, neverthe- 
less, the Ik)w of promise, and might have reminded us of cove- 
nanted fidelity and love. 

Our ascent was most arduous; and I thought I should never 
have l)ccn able to accomplish it. Our guides procured for us spe- 
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uf liic graiiitt; rucks, which Uicy struck ofl' at iliflV-reu^l 
'farights, according to our dirc'ctions, Fmni llic bed nf the riverl 
irselves pntcured severBl spcciincns of the su perineum bent J 

leiss, which is finely siralificd. From the banks we eul Hoi 
f«>inc branches IVom cinnainnn trees, the first which we had seen. | 
We weregralef'ul when we reached the bungalow in safety; and w 
Were able next day to prosecute our journey to the ancient Bana- 
m&si, by way of the celebraicd Chandragupii. The mountain 
on which the fort at this laller place stands is noticed parcicu- 
Ivly by Dr Francis Buchanan. Banawasi is mentioned by l'<(v J 
leniy, and has a very ancient lemplc. Not far from it, we t 
ticed a species of Buceros, which, as far as I am aware, is un. "] 
described. It is called by the natives Datichidi. We heard the 
if the bird at a great distance, the large hollow excrescence 
above the Iwak acting as a sounding-board. We employed two 
■atives to procure for us a specimen, but they were unsuccessful 

their attempt to kill one. They gave us, however, two heads 
'irliich ihcy had in their houses. This bird, they said, hves 
fwincipally upon fruit, and it is much relished as an article of 
fi)od. John Wilson. 
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Description of several New or Rare Planln whkh ftave lute\ 
Flowered in 4fu- Neigkbourhixitl of Edinburgh, chiefly in It 
Rtyal Botanic Garden. By Dr Graham, Prof, of Botany. 

Dee. 10. 1837. 
pl^ooia parvifolia. 

B. parvifuliat 9u(^^utlcnal^ glabra; Toli 

lotiis lubncutia, undulntis, aparce serr 

bu« triolatls. 
Begonia parvifoli^ SiAail — Sprcngel, Svst Ve((ft. f- p- 408. 

DEscnii-TiOH Whole plant glabroii* Stem suffrutlccae; branches red, 

transparenL Peliolei (1-2 infhen loa);) spreading, at lengtli divaricated, 
cbuinclled alwve. t,eavei ahurter Ihim the iieliules, ovate, uneqiudlj 
cordate nt tbe base, delicate green above, pale and crjstalllne below, 
with promineoC reddish veins, lobed ( lobes eubacule, diatantty ner- 
nted, wilh a minute briBtle in tlie base uf each fissure. Cvrymlit axil. 
Inry, nn peduncles which are longer than the petiole*, forked, bearini 
a male tiower in the cleft, and oBe male and one feaiale upon each dlvl- 
rion. fimcfea 8ubrotund,jn'eenish-white. /'/oiivrs white ; male JlmeeTt 
i^twoiuhequal entire an dkidoey -shaped petals, very rarely with a RnoU I 
one between Ibese; stamens numerous, attacbeil onlj at tbe base, fiU- I 
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menu il«nder, coniievtive obovRto-etliptlcal, onllms imall, Ldcnd : fi- 
nak fiawm of five obovate unequal petals ; Bt;lei short and stout, ex- 
panded at the apex, and contorted: stigmaU mar^nal upon tbe «itre- 
mitj ; fjermen with three uoeijual, irr^^lar, large, crenaCe winn 
We received at the Botanic Garden, Edinburgh, this Bpecies. wiui nialij 
other scarce plants, Trum the nobte and ultravs liberal establishuienl at 
Berlin, in IB3Q. It dowered profuBelv in the collection of Dr Neill at 
CanonniilU. and at the Botanic Garden in Ma/, and througliout the 
aummer. The great and long-continued succeaslon or flowen which l( 
produces, and it» neat foliage, makes it a desirable tpecies in cultivttios. 

BE'gonia siniiata. 

B. nnuala ; cauleacenB, ramossUsiiiiB, ubique glaberrima ; foliis imn^iuli- 
ter cordatin, bballs, acutis, obtuse dentalis, nitidis, gubtiu naiUdia, Te- 
nia colomtis; florlbus masculia dipetalis, sLaminibus sububeiia; fee- 
miniis S-petalii, in^ualibus ; capsule alis aubo^quulibus, uuUi; pe- 
dunculia bifidis, ramis bifloria- 

DEicKipTtoN Whole p^nf glubrousand shining. SItm thick, abort, nurli 

branched ; branches erect, tumid at the joints. Slipula attenuUed at 
the apex. diUted at the base, and sometiuiea half aiigitUte, marceacent. 
Petiolei {%-3 inches long) suberect, channelled above. I.eavf Bhnltfr 
than the petioles, unequdly cordate, lobed, shortly end bluntly toethtd, 
■liehtl J waved, brieht green above, paler below, where theveiiis are deep 
red, espedallj on the older leaves. Cifma BKillary, peduncle nboot M 
long as the petiole, slightly compressed, dichotomous, with » mate flower 
ia toe fork, and one male and one female flower on each division. Mak 
/iRfffMdipetalous, while, petals equal and subrotund, atainens united onljt 
at the base of the filaments. Female JUneert with lire unequal petals. 
CerBien with three subequal acute wings, sligbtl/ rose^oloured at the 
ei^es near the liase when young. 
The number of species in cultivation of this beautiful genus bos been 
greatly increased of bte years, and a large proportion through the often 
mentioned (.larden at Berlin, from whence this was sent to tbe Botanic 
Garden, Edinbui^h,BndIo Dr Neill in 1836, under the name here adopt- 
ed. In both these establishments it Dowered In the end of May aiid 
in June. The country from which it was obtained was not stated to ua. 

Dendrobium aggregatum. 

D. aggregalmtt ; pseudobulbis csapltosia, monophyllis, ovatis, sukstli, 
ttipitalis, cuticulo cinereo veititis; foliis oblongis, emarginatia, corla- 
eeie, nervosis; racemo laterali cemuo multilloro fere duplo brcvkul- 
bus; petalis ovatis scpalo latiorjbus; Inbetlu subintegerriino, latiote 
quam longo, baai roncavo pubescente. 



Descriptiok Piewh-bulbt (2 inches long) ovate, crowded, having about 

eigbt broad shallow grooves, and prominent subacute ridges, loosely co- 
vered with a grey shining wrinkled cuticle, and marked with two traaa- 
Tene lines (joints) ; the outer alipitate. Lnjfaolitiu-y, oblong, coriaceous 
obscurely nerved, emarginate and somewhat unequi^ at the apex, atte- 
nuated at the base, twice as long as the pseudo-bulb. Itacfme (fi lachM 
long) protrudeil ktentlly from the upper joint, cemunus, many-ttowcred, 
lax. Floven springing from Ihe aiil of a small acute bratlea, oraiue-co- 
loured, darkest towards the base of the lip ; tpalt ovate, united at tbrir 
base, where the two lowest form a little pouch behind the base of the Up; 
petalt oTBte, broedcr and longer than the sepals, on short dawa; J^ 
broader Ihsn long,entire in the middle, ciliated towards its base, ali^tly 
undulated, concave at the hose, and excavated over the point of iu in. 
sertlun into the base of tbe column, mhiutely pubescent in front A> 
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luara ilion, streaknl with rtd In froiil, liuving a IruncaU^l icale new 
tU base, acan»tv hulloweil below the anther, at each aide of which there 
is a imall tooth', and behind Id (be centre another, to which the bllobu- 
Uur greenish anther-case Is attached ; poUcn-mauet aessile, each groored 
along the centre. 
The plant waa received at the Botanic Garden, Edinburgh, irom Went- 
1 worth, in 1836, and flowered In the bcplnningof Ma.riea?. II la band- 
some, but its btoaaoniB qiiicklj expand, and last a iihurt while, being 
tberefore much lesi ornamental Uian the Oncutjunu, which were in flower 
with us at tbc Mme time, but whose individual blossoms are in beautj 
for manj days. 

Salphimia glauca. 

G.fflauca; foUis ovatis, oblusia, glabria, aubtus ghtucia, basi utrinque 

unidentstls, petlolis eglandulnrls. — O. C. 
Galphimia fflauca, Catan. Icon, et Deacriptlones Planlnrum, V. 01. 1. 488. 
— D. C. Prodr. 1. Mi—Sprengtl, Sjst. Vcget. 2. 385 — Dpn'i Diction- 
ary of Gardening and Bnlony, 1. 6:19, — Ilenaloa, in the Botanist, 
No. la. 
Malplghia glauca. Pert Bjnops. PL 1. 60(1. 
Sbscbiptiom. — SAnii erect; branches suberect, afterwards pendulous; 
dark brown, streaked with pale lines from the crocL^lng of the cuticle, 
Ltaeet opposite, petiolale, ovatu-elliptical, gbbroua, sligbtly undulate, 
uni-dentatc on each side near the base, rather opaque green above, glau- 
cous below, middle rib strong, veins cunsplcuoua, both prominent below, 
and slighllr channelled above. Fefw/M spreading, half the length of the 
leaC rw, chan n el leil above, and, when young, aaweU as the apices of the 
branches, covered with adpreaseil coarse rusty hairs. Sliptila small, su- 
bulate, erect, adpressed to tbe branch, and connivent above the orif^n of 
the petiole. Hucrmg terminal, pedicels surlnf^ng from the axils of small 
subulate bractece, ascending, as welt an the rachls covered with balrs d- 
mllar to those on the extremities of tbc branches, jointed in the middle, 
with two opposite bractece below the joint. Flowers falling at the joint 
(with uswitbout producing fruit) yellow. CaJf 6-parted, segments lan- 
ceolate, erect, spreading at the apex, herbaceous, without external plands, 
slightly membranous at the edges. Petak 5, ovate, unguiculate, cdlated, 
spreadingi their claws projecting between the calyx segments, middle rib 
greeiiish, and prominent bchini^ before expansion forming vertical angles 
pnjecting between the segments of the calyx. Slameia ten, of rather 
unequal bngth, the shorter opposite to the petals, ond half their length ; 
filaments stout, slightly ta[ieriD|[; anthers about half the length of the 
longest filaiuents, suberect, projecting with their bases a tittle way in 
ftwit of the Blaments, sligfatly notched at both extremities, bunting 
along the front of the cells, and falling from the filaments at on arllcu- 
laLion on the apices of these, which remain upon the flowers, having ac- 
quired a red colour oiler the anthers have dropped. SHgmata minute, 
terminal. Ay^ 3, subulate, diverging. Germm 3-lubed, glabrous, round, 
S^celled, cells l-eeeded. 
This pretty shrub, native of Mexico, we received at tbe Edinbiu^ Bota- 
nic Garden from Wentwurth, and found it to flower very freely In a 
warm stove in May, June and July 1837- 

teniera rupestris. 

Q,tvficiirit; BUbacaulia, foliis ovatis, cuculUtis, rueosls, pubescentibui, 
liuequalitercrenato.dentBtis; corymbissuhMdicoIibuB; pedicellls strii>- I 
Us, grscillimis, gbuiduloao-pilosis. 
Ocanera rupestris, Mart. 
XtneMnttov.— Tuber flattened. Stem nearly awantlng, supporting tvo J 
TOL. XXIV. NO. XLVir. — JANTTAKY 1838. K 
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iipptnite rnunil pubetwent peLioles, twice fls ion)( as iUelC V»avtt |S 
int-'hM lung, 64 liroad) ovKte, peltate, minuldj gUndultao^bexmt, 
strongl/ nerved, bulUte, unequallj crenattMleiitate, coacaTB uid dirfc 
■bove, paler beluw ; cort/mbii lubradlcal, pedicels i%A\ Inches long) erect, 
very slender, ({landulaso-hairy, opposite, decussating riling ftotn llieudl 
of alinearbrscten. rfoiMri deflected outwards. Coi'i's f^andulooo^bet' 
cent, 6-deft, tube fleihv, adherent, leeth lubulale, coDniveut after Uw 
raralla islb. Corolla (1) inch lone) tubular, curved, limb of Sre:, sub- 
equal, rounded, abort, seginentu, oi which ihe [wo upper are lather the 
■mallMt, and least deeply divided. Stamaii 4, perfect, slightljexaerttd; 
fiUmenIs gUbrnuB ; anthers dart, rounded, 2-lubuUr, buratine along the 
ftce of the celta, connective, nundeil; pollen yellow, ^rranules minule, 
one, sometimeB two nidimental stamens un the upper aide of the tube it 
ha base. Ciair white, projecting on the upper side, emarginote. Genm 
half innneTBL-d in the calyx tube, above this conical, alightly pubesceai, 
brown. Ovulei Dunieroiis. Style nearly as long as the stamens, alighllj 
pubescent, colourleis. Sligina bilobular, lobes abort. 
Tbis singular-looking species was received at the Botanic Garden, Edin- 
bui^h, from Berlin in 1834, and has flowered freely in the store ever; 



Lophos|)eniiuni scandeiis. 

I,. Kmndeni; folils cordatis, grosse iniequaliterque dentati^ tennlanatc 

gland u loso-pubescen tibu s ; calycis segmentla oblongis, opioe atteuui- 

lis; corolla extiu nuda, lobje irderiorlbua erectia. 
Lnphospermum scandena, Dm, in Linn, Soc. Tnins. )5. 363. — titntka. 

in the Botanist, No. 17- 

IlEScnrFTlOX — PlaM herbaceous, scandent by the petioles, with long 
slender branches, everywhere, excepting on the outside of the oorolii, 
finely glanduloso-pubescent. Ltaoea (1} inches brrail, Sj long) oppoalc 
below, alteniBtc above, petiolate, heart-shaped, subacute, coaisely and 
unequally toothed, of lively green above, paler below, 7-netved, nerve 
prominent below, channelled above, teeth mucronnte. Petiola as long ai 
the leave), grooved above. Pedmnlti solitary, a«ill«ry, singte-flowered. 
erect, reaching beyond the middle of the lea£ Calyr S-partUe, segmenti 
(1 inch long, S lines broad) oblong, slightly cordate at the haw, atte- 
nuated and cnnnivent at the npex, projecting outwards along Iheir edges, 
entire, slightly undulate, subeaiuil, the lowest rather the shortest. Co- 
Tolla twice as long as the calyx, funnel-abapeil, purplish-rose coloured, 
obscurely dotted on its outside, but without pubescence ; lube while, es- 
pecially on its lower side, flatlish above, with two grooves below, dilated 
and angular where it covers the germen ; limb 6-lubed, uppermost lobei 
taigent, subacute, reflected, slightly pubescent within, lowertnosL blunt, 
erect, the middle one the smallest, and from its base on each side orv- 
feeds to the origin of the lunger stumeiis, an elevated line correaponniitg 
to the groove on the outside, nnd covered with short erect coarse hairs, 
ydlow only towanis the limb, and much less dense than in Luplu/tptnam 
erubeictni. Slarnem 4, didynamous, as long as the tube, from the base of 
which they arise, and to which they ore adherent till they pass the ger- 
men, above which they are free, and hairy for B little way, higher up 
glabrous, sprinkled with a few colourless glands only towards the an- 
thersi anthers cream ci^urcd, lobes diverging below, and bursting along 
(be face, pollen gmnules minute. A minute tuft of hairs between the 
Sorter stamens, und a little below the purl at which they become ftet, 
is the nidimentaJ condition of a fifth stamen. Piitil m long as the shorter 
Momenst germen small, conical, green, seated upon a yellowish obonird)' 
lobed glabrous disk ; style continuous, simiglit, in contact with the u[b 
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Gr side of the tiilie, glnbrotis, bent nearly to a right angle Immediately 
low the sti){miL Ovala very miuiT. 
This plant, thou^ only lately introduced, l» easily cultivated, dther in the 
open air or in the greenhouse, and haS| vitb the Lat^totptnniim rru. 
httcrju, and the fthodadiiloa oolabUe, even, within a few months, given 
B rhttOKter to our trellises as new as that given a few years ago to ciUT 
greenhiMises, by the introduction of the Fuchrias, CalceolaiiHS, knd the 
varieties of the genua SaJpigloau. 

Potentilk glabra. 

F. glabra; caule firuticoso ere 
jugi^ sursitD tematis vel ai 
glaucis (floribus albis.) 
FotentiUa glabra, Lodd. Bot. Cabinet. 014. 

Deiceiption — S/mib erect, rigid, everywhere glabrous, eiceptina occa- 
ilonally on the edges of the leaTeta, on the young shoots, peduncka, and 
outride of the calyx, where there ore a tew long spreading hurs. Flimfring 
hrandtet cemuoua. Leanti very numerous, small, pTiinnIc, bljuguus, 
those towards the flowers temate, or Bt tbe Irase of the peduncle simple i 
leaflets ovato-acute, turned forwards at their apices, retleoted at tfaetr 
aldea, slightly undulate, veined, shining above, f^laucous below, the up- 
per natr slightly Hecurrent, and often united at their base to the termi- 
nal Ica&t. Stipuia dry and membranous, brown, 2-ribbeil, united In 
front of the petiole, and about as long as it, bitid at the apex. Pedunrltt 
(about half an inch long) reflected upwards, collected In small numbers, 
or solitary near the extremity of the branches. Pelab subnitund, en- 
tire, white, longer than the calyx. Slfla short and abrupt Reteplaeb 
bairy. 

This is s very pretty bttle shrub, producing in abundance its small rose- 
)lkc while blos-ioms; its erect ri^d stem, and arched branches, forming 
a neat round bush, uid fitting it for cultivation along with the smaller 
ononietital species of Ciitia. The flowers appeared in succession In the 
open border at the Botanic Garden, Edinburgh, during August and Sepa 
tember. The species is nntive of Slberiu, and is slated by Mr Loddiges 
to have been received by him from Mr Busch of St Petersburgh in 
1828. The ditBcully of propagating il, noticed by Mr Loddiges, is 
protMbty the reason why It is so seldom seen in collections. 
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1837, Fehnuxry 6. — Sir Thomas M. Brisbane, Bart. Pre- 
■denl, in the Chair, The following Communicattons were read : 

1, On the Action of Disintegrated Surfaces of Crystals upon 
Light. By Sir D. Brewster. 

In this paper the anthor commences vrith a summary of the pr»- 
Hnt stat« of knowledge as to the internal constitntion of crystallina 
fodiea ; and he then proceeds to describe the optical figures pro- 
jioeed by the di^iintegrated sarfaces of minerals and artificial mine- 
M^ according as the disintegration is efi'ected — 1. By the action of 
Hlrenta frhile the crystal is forming:, or remains in the bowels of 
earth ; 2. By the action of solvents on the surface of perfect 
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cryEtats ; and 3. By meclianical abrasion. Tbe crystak of the Brri 
denotninatioB he has examined are Brazil topas, white flaor-ipar, 
hornblende, axinite, boracite, oiidulated iron, dndecahedral gwuet, 
diamond, and ametliyst. The perfect crystals which he found bett 
fitted for jn-esenting the phenomena he doscribes are alum, fluor- 
spar, and calcareous spar. The facts related in this paper ouiuist 
uf a description of a great Taricty of optical appearances, of whick 
it is impouible to give an abstract. 

3. Obsci'vations oil the Pulsation of the Heart and Arteries. 
By Dr Knox. 

The author here first describes briefiy what has been done bj 
previous physiologists towards determining the differences produced 
on the pulse by varieties in posture, by digestion, by age, by stature, 
by the period of the day, and by muscular motion. He then pro- 
ceeds to relate the particulars of many new observations he has him- 
self made upon these and other points connected with the circum- 
stances which inftueiice tbe rate of the heart's contractions, llie 
general results are, that in his opinion the pulse is moFe frequent 
in the morning than at any other period of tbe day, abstracting the 
effect of stimuli : that tbe heart is more excitable at the same pe* 
riud ; that the pulse is depressed by cold ; that it is excited by mas- 
cular exertion, and more in the weak than in tbe strong, and ab« 
more by exercise carried to fatigue than by moderate exercise ; that 
it is most frequent in the young, and least frequent in the old ; and 
that great varieties are produced by differences in postarv, thoM 
positions of the body occasioning the greatest excitement which r» 
quire most muscular effort for their maintenance. 

February 20, — Dr Abebcbomdy, V. P., in the Chair, The 
following communication was read ; 

I. On an Expression for the effort required to Ascend Planei 
of Different Inclinations. By Professor Forbes. 

Hieaatbor statei that, whilst it has been pretty generally agreed 
by authors on animal mechanics that the measure of miiscDlar 
fltfurt is generally expressed by the weight multiplied by the tfrti- 
cat height through which it iti raised, it is clear that this cannot be 
nniversally true, since, in the particular case uf horiiontal motioOi 
no vertical height can bo obtained ; and, when the ascent is verti- 
cal, it is very unlikely that the sune advantage of ascent should b« 
obtained as at lower angles. 
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Tbfl authur pruposei, by a fomiitla, to repreient the length of 
path tlMuribed by au average muscular effort at a given fingular 
ascent in a given time, aud whicb, multiplied by the sine uf thai 
xngle, will give the vertical height gained. 

Direid expHrimenls are quuted, ta shew the unifurmity of verti- 
cal aacent within the usual limits, vi:;. between \'2' and 25°. From 
the known results uf tread-mill experiments, it is supposed that the 
diminution uf etfective action at a verticul ascent is not very coosj- 
derabie, but may yet amount to about 1 1 00 feet per hour ; whil^ 
about 20", the effective action will be nearly 1500 feet per hour. 
The horizontal action ig estimated at about fonr miles per hour. 
The following formula sufficiently represents extensive experimentB 
at rarioos angles of aacent, A = height ascended in English feet in 
an hour, at an angle k; — 



h = 



\^.[. + h') 



— 800 si 



2. Ul)3er%'ations on some New Specie: 
Dr Parnell, 



of British Fishes. By 



March 6. — Sir Thouas M. Bbisbane, Bart., President, in 
ihe Chair. The following communications were read: — 

I. On the power of the Periosteum to form new bore. By 
Professor Syme. 

The object of the suthor in this paper is to state certain obser- 
Tatiuns and experiments by which he considers it to be clearly es- 
tablished, that the periosteal membrane, covering the bones, has the 
power of secreting osseous substance, Rud oF forming new bony 
natt«r. 

Dukamel, founding on a false analogy, which he supposed to 
ndst between the periosteum and the bone on the one hand, and 
the bark and wood of trees on the other, was the first to lay down 
distinctly the theory that bony matter \s formed by the investing 
membrane of the bones. The experiments and observations of 
BaUer and others on the progress of ossification in young animals 
Were believed, however, to militate against this idea, and tended 
-tltber to establish the doctrine, that new bony matter is formed by 
fte pre-existing or old bone. Between these two theories, the 
'apiniooa of physiologists and surgeons are still pretty equally di- 
vided. 

The author was lately induced to siiepect, from the circumslancei 
of necrosb, that the theory of Duhamel w thtj Uam dua. 
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Id a ease of inflammation of Clie tibia consequent on on injuiy aoii 
terminating in death, of nearly the whole of that bone, ampotatioa 
became necessary at the close of five weeks after the accident. On 
examining the amputated limb, the periosteum of the tibia wu 
faniid chequered trith patches of osseous substance adhering to ita 
inner surface, and covered with a dehcale membrane. This ob«or- 
Tation led Iiim to subject the question to tlie test of experiment, 
which he conceives lie has accomplished in the following mannvr. 
An incision was made in the fore leg of a dog, and a portion of tlie 
radius, about two inches long, was removed along with itn luresC- 
ing membrane. In the other fore leg the some operation was per- 
formed, with the exception tlkat the periosteom was carefully iif 
seeled from the portion of bone which it was intended to remove, 
and two inches of bone were cut out, its membrane being thus left 
entire. In six weeks the animal was killed ; when it was foiuid 
that a targe racnity wus left in the radins, where the membrans 
was removed as well as the portion of bone i while in the other, 
where the membrane had been left, the gap was entirely filled np 
by firm osseous texture, and at this part of the radius the bone wu 
even thicker than elsewhere. The experiment was several times 
repeated with the same result. In another dog the periosteum of 
the radius was carefully dissected off as before, but without either 
disturbing the position of the membrane or removing the EubJai'eDl 
portion of bone ; and a thin metallic plate was passed around tha 
bone between it and the detached periosteum. In six weeks the 
animal was killed and the limb examined. The inner i^urface of 
the membrane presented an extensive deposition of osseous matter 
between it and the metallic plate ; while between the plate and llie 
bone there was merely a membranous formation without any new 
bony substance whatever. 

2. On one Troja. By the Venerable Archdeacon Williams. 

The introduction only of this commnnication waa read. Tb 
abstract will be given after the paper is concluded. 

March 20. — Sir Thomas M. Brisbane, BarU, President, in 
the Chnir. The following communication was read : 

On the Action of Voltaic Electricity or Pyroxylic Spirit, 
and on Solutions in Water, Alcohol, and Ether. By 
Arthur ConncU, Esq, 

The author has found a perfect resemblance to exist between the 
appearances presented by pyroxylic spirit (Bihydrate of Methyline 



«f Dnoias tuid Pelig'ot) muler vultaic ngen<:y, and tliuu' wliich lie 
haA previously olwerred in regard to alcuhol ; a coincident which 
was to be expected, from the interesting analogy existing between 
Uiese two liquids in ot)i<-r retpects. 

The pyroxylin spirit, after three distillalions from ijuicktinK.', had 
> specific gravity of 801 nt 62° F., and boiled in contact with mer- 
cury at 140" F^ under a pressure of 29^ inches. Ttie luading 
£ict8 observed were the following : — 

Minute quantities of add, alkaline, and saline botties, when dis- 
*«>Wed with rectified pyroxylic spirit, favoured the voltaic aetlon, 
by iDcreasing the conducting power of the litjnid. Wh«n it held 
in saluUan ^\^ of pure potash, and was sobmitted to the agency of 
tbirty-six pairs of four-inch plates in a tube with parallel platinum 
foil poles, hydrogen was given ofi' from the negative pole, while n« 
gas proceeded from the positive pole. A ten thousandth part of 
potAsb had a marked efiect in promoting this action. 

U'h«n the pure spirit was submitted in a similar tube to the 
Agency of Heventy-two pairs of four-inch plates, hydrogen was in 
Bke manner evolved, although in smaller quantity. 

When the same electric current was passed through the spirit and 
tb rough water, each holding dissolved ^^^ part of potash, the quan- 
tity of hydrogen evolved from botii negative poles was the aame. 

Besiden the evolution of elastic fluid, there were found iu the 
liquid acted on small quantities of such substances as often result 
irum the oxidation of analogous liquids, such as resinous matter ; 
und, where the quantity of dissolved potaxh was considerable, a 
•pecdy precipitation of carbonate of potash ensued, the liquid at 
4he same time acquiring a red colour from the formation of resinooK 



In the whole circumstanees it was concluded, as bad been done 
jn regard to alcohol, that water, entering as such into the constitu- 
tion of pyroxytic spirit, is resolved under voltaic agency into its 
elements, its hydrogen being evolved at the negative pole, and its 
oxygen employed in giving rise to tho secondary pJ«cts of oxlda- 



As pyroxylic ether (hydrate of methyli 
Ihe gaseous form, no galvanic experiments 
but, as the author had formerly observed 

of water in sulphuric ctlier 
{tosed to adopt liie analogoi 



of D. and P.) bears 

re attempted with it ; 

evidence of the pre- 

ider electric agency, he is dis- 

) in regard to alcohol, and to 



consider pyronylic spirit as a hydrate of pyroxylic ether, which Ut- 
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ter sabatance, likft sulphuric ether, lie regard* not as an oxide, but 

simply as a ternary comb in at ion of iu constitaeiita. 

The restills formerly stated to the Society in proof of th« secon- 
dary origin of chlorine or iodine, when aqaeons solntiong of the cor- 
responding liydracid^ and haloid salts are submitted to voltaic 
agency, have been confirmed with stronger voltaic powers, the only 
difference being, that the chlorine or iodine, and also the corre- 
sponding hydracid, from the secondary decomposition of which, by 
nascent oxygen, the chlorine or iodine proceeds, are sooner carried 
over irom the negatively electrified solution into the positivdy 
electrified water, than when smaller powers are employed. The 
decomposition of bromide of iodine in an aqueous solution of starch, 
has also been ascertained, by analogous methods, to be a secondary 
action. 

The e^pearancea presented during the electric decomposition of 
alcoholic solutions of acids, alkal ies, and salts, hare been found to be 
very analogous to those observed in the corresponding aqueous sola- 
tions, the principal difference being;, that the oxygen of the decom- 
posed water of the alcohul rarely appears at the positive pole, for 
reasons formerly explained. An ordinary oxyacid salt dissolved 
in alcohol is slowly resolved, under voltaic action, into its constituent 
acid and base, with evolution of hydrogen at the negative pole ; 
and, where the base is not of difficult reduction, a portion of it is 
reduced by the hydrogen. By experiments conducted on principles 
exactly analogous to those with aqueous solutions, it was found 
that the appearance of iodine at the positive pole, in an alcoholic 
solution of iodide of potassium, is a secondary effect due to nascent 
oxygen. 

By instituting a comparison between the electric action on alco- 
holic and on aqueous solutions of chlorides and iodides, ander cir- 
cumstances in which no secondary actions could take place at the 
poles, the appearances led to the conclnsion, that tliese salts are not 
dissolved as such in water, but us muriates and faydriodatcs. Tlio 
solution was placed in a tube connected by means of asbestos with 
two other tubes containing distilled water, the positive pole being 
introduced into one of the tubes containing water, and the o^^re 
into the other. When an alcoholic solution of a chloride or iodide 
was in the middle tube, no acid was observed to be produced in the 
alcoholic solution, but only at tbe point of contact between the solu- 
tion and the water. On the other hand, when an aqueous solution 
was employed, a plentiful production of the corresponding hydracid 

8 observed in that solution ou its positive sidi-. These appear- 
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wees are exactly tUoso which ought to be observed, if we aoppose 
chloriiles and iodidea to be diB»nlved as such in absolute alcohol, 
and as muriateB and hydrlodates in water. In none of these cases 
was chlorine or iodine produced, except at the positive pole in the 
positive water, by a secondary action on the corresponding hydracid. 
When etberiikl solutions of various substances, such as potash, 
ebromii; acid, and mclaliic chlorides, are submitted to galvanic ac- 
tion, there is no syuiptom of decomposition either of the solvent or 
of the dissolved body. Thus no exception has yet been met with 
to the general conclusion, " That when solutions of binary combina- 
tions of elementary bodies tn water, alcohol, or ether, are submit- 
ted to voltaic agency, the dissolved substance is not decomposed 
but only tlie solvent, if itself an electrolyte." A few cases, how- 
ever, comprehended within the law still remain to be experiment- 
ally investigated. • 

Sir Charles Bell gave a Verbal Notice regarding the import- 
ance of the Circulation in tlie Medulla Oblongata, and 
the office of the Vertebral Artery. 
Aprils, — The Right Honourable Lobd Gbkenock, Vice- 
President, in the Chair. The following communications were 
read: 

1. Geological Observations on Binny-Cragin West-Lothian, 
by Charles Maclaren, Estj. 

Binny Crag in West Lothian is of compact greenstone, about half 
■ mile in length, and from twenty to one hundred and forty feet in 
breadth. It extends south and north, and has a small ravine on its 
west side, above which the highest part of the crag riees about two 
hundred feet. Three phenomena connected with this crag are wor- 
thy of observation. \. It lias the character of a trap vein which hat rup- 
tured the strata in ajluid slaie. The dip of the sedimentary rocks on 
its west aide is to west-south-west, art the east side to the east, and 
in both cases at a pretty high angle, Vt'e have here, therefore, evi- 
dence of the strata having been ruptured, and a fissure formed ; and 
we have the trap, the rupturing agent, placed on the fissure, and 
occupying the anticlinal line, or axis of the upheaving movement. 
According to the received hypothesis respecting the origin of trap. 
we might expect this appearance to be common, and yet it is rather 
rare. It forms the exception, while it ought apparently to be the 
rule. 2. The trap hax mingled roiltt the sitnic, aitd affected its ilruc- 
Iwt M a veri/ remarhiMe manner. It has enveloped portions of the 



202 Proceedings pftJu lioyai SacUtJ/. 

bbale within iU mius. aniJ petietrated laterally among thu beds In 
tite extent of one liuudred feet or more on the east side. On the 
Mtuth flunk of the highest part of the cra^ we hare a secUtiii «du- 
hitiiig the relations of the two rocks. The trap hai the form of on 
arch, of perhaps twenty feet rudius, with a lung straight tabular 
rnims about three feet farther to the east. A mass of shale lie* un- 
der the arch exhibiting a laminar structnre ; in tbe portions oonti- 
guuDS to the tra|), its substance is hardened, and the planes of tbe 
lamime, instead of being Uraigfat and paraUel, are arranged uonceo- 
trically with the curred surtkce uf the trap whieli covers them. 
Portiuns of shale also lie under and iihore the thin tabnlar project- 
ing mnM of trap, and these Ukewise conform themselre* to ita sur- 
face. The inference ia, that, independently of the original slaty 
form of the shale, a secondary laminar structure was induced upon 
it, by the heat of the fused trap being propagated thruiigh it pro- 
gressively and unequally, each portion as it was dried and harden- 
ed, separating from that beyond it. 3. The crag exhibiu a itrikatg 
exan^le of the effects of denudation. The north eud of llie ridge, 
which is lew, and on a level with the surface of the land westward, 
has merely had its covering of shale stripped ulf, and exhibits a fe« 
trifling indentations ; but tbe south end, which rises in bold relief 
above the adjacent land, has been cut into seven distinct hillock*, 
separated by transverse ravines, which are steep in the sides, and 
from ten to sixty feet in depth. The appearance of tfaeM ravines 
shews, that they must have been cut by powerful currents floM-iog 
from the west. 

a. Nolici; of Experimental Researches into the Laws of cer- 
tain Hytirodynaniical Phenomena that have not hitherto 
been reduced into Conformity with known Laws. By 
John Scutt Russell, Esq. Lecturer on Natural Philoso- 
phy. 
April 17. — Sir Henry Jabdime in the Chair. The foliow- 
jiig communications were read : 

1 , On the Conslitulion of the Earth's Atmosphere in Remote 
Geologicil Epochs, By Professor Johnston, Durham. 
This is the first paper of a promised series on the subject liere 
announced. In the present paper the author endeavom's to shew, 
that in remote epochs the atmosphere was more extensive and hoav> 
ier than it is now, that it contained a greater absolute quantity of 
<»xygeu, aud that this ijuantity has gradually diminished up to our 
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own era, and is probably still unilvrg'oiiig a. sensible tlimiitution. 
His views nre founded pitrlly on Npf^culative consideration!, of 
wbich it is not possible to give a guffiitiently ciruuniBtantial abridg' 
went, and partly on the evidence of various operations going on at 
or near the surface of the earth, the tendency of which must, on the 
whole, apparently be to diminish the quantity and proportion of 
Uie oxygen in the atmosphere. In addition to the ordinary and 
well-known causes of deterioration, the author points out a new 
source of diminution to which his attention has been lately drawn. 
From experiments made upon the aeriform fluid discharged from 
the earth duriug an inundation, and obviously expelled by the 
water penetrating to a considerable depth, and displacing the gases 
eontuned in the soil, he found that this gaseous matter consists of 
2.5 per cent, carbonic acid, 12.764 oxygen, sod 84.736 nitrogen. 
Taking this observation In conjunction with many others previously 
made on the composition of the gaseous discharges in volcanic dis- 
trict^ and the gaseous contents of mineral waters, he infers tliat a 
process of oxidation Is constantly going on at various depths below 
the earth's snrfoce, the oxygen for which is, in all probability, de- 
rived by absorption of the atmospheric gases at the surface. 

2. An Account of a New S|>ecies of British Bream, and a 

Species of Skate new to Science ; with a List of, and 
Observations on, the Fishes of the Frith of Forth and 
Neighbourhood. By Richard Parnull, M.D., F.H.S.E. 

3. Notice on the Composition of the Right Prismatic Ba- 

ryto-Calcitc, the Bicalcareo-carbonate of Baryta of Dr 
Thomson. By Professor Johnston, Durham. 

4. An Explanation of the Aristotelian Expression Mfra r» 

^iMxa., with some inferences from the Explanation. By 
the Venerable Archdeacon Williams. 
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Session 1830-7- 
TH£ Thirtieth Session of this Society commenced on the 3d De- 
cember 1836, Professor Jameson, President, in the Chair. 

A Report from the Joint Prize Committees, dated SGtli Novem- 
ber 1836, was read, approved of, nnd sanctioned. It was of the 
following tenor : — 
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The Committees were appointed on 9th Juiuarj last, to ezamme the 
communications presented to the Society in consequence of their offer of 
honorary Premiums for the best Geological Report of the Lothians* and best 
Account of the Fishes of the district of the Forth ; and having coniddexed 
the recommendation of the Council, that the Premiums should be awaxded if 
the communications were found meritorious, even although there should be 
no proper competition, — ^unanimously agree to report to the Society^ 1. That 
the honorary Premium of Twenty Sovereigns, or a piece of Plate of that va- 
lue, should be awarded to Robert James Hay Cunningham, Esq^ for his Ac- 
count of the Lothians, with Maps, Sections, and Specimens ; it being under- 
stood that the Author wUl, at his conveniency, furnish the Society with a 
particular account of the Faults, Organic Remains, and Mines of the distxict; 
and, 2. That the honorary Premium of Ten Sovereigns, or a piece of Plate 
of that value, should be awarded to Dr Richard Pamell, — upon a eelectioB 
from the dried Specimens submitted to the Society on SOth April last, and 
containing such species as are mentioned by the Author as new to the district, 
or which may be' considered in any way doubtful, being presented for the Mu- 
seum of the Society. 

The following gentlemen were elected Office-bearers of the So- 
ciety for 1837 :— 

Pretideni, ^ 

Robert Jamesok, Esq. F.R.S.L. and £., Regius Professor of Natural Histoiy 

in the University of Edinburgh. 

Vice-PretidenU. 
T. S. Traill, M.D., F.R.S.E. Robert Steveksok, Esq. F.R.S.E. 
John Coldstbeam, M.D. David Falcokar, Esq. 

Secretary — Patbick Neill, LL.D, F.R.S.E. 
Assistant Secretary, — ^T. J. Torbie, Esq. FJI.S.E. 

Treasurer, — A. G. Ellis, Esq. Librarian^^-jAUi^s Wilsok, Esq. F.RSX 
Painter,^^, Stme, Esq. Assistant Pointer, — W. H. Townsexd, Esq. 

CcundL 
James Young, Esq. Walter Adam, M.D, F.R.C.P. 

William Copland, Esq. F.R.S.E. William Macdokals, M.D., F.R.S.E. 
R. K. Gbeville, LL.D., F.R.S.E. Martin Barry, M.D., F.R.S.E. 
John Sligo, Esq. F.R.S.E. R. J. H. Cunningham, Esq. 

At tlie same meeting, the followiog gentlemen were elected 
members of the Society : — 

Dr Robert Paterson, Leith. 

Captain Henry Drummond, n.E.LC. Service. 

William Stanger, Esq., Wisbeach. 

At this meeting, Dr Patersou gave an account of the fossil fishej 
found in the strata belonging to the coal formation at the beach 
between Newhaven and Granton ; illustrating his comraanication 
by specimens. And Dr Traill read a notice regarding the poison- 
ous bug of Persia ; and exhibited specimens sent home by Dr Bell 
from Mian a. 
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1S3G, Dec. 17. — ProAissor Jameson, P^ id tie Cliuh'. Mr 

Torrie, assistant-secretary, read Dr Paterson'g account of tlie fua- 

ail plants found in the coal -formation at Wnrdie ; while Dr Patcr- 

aon exbiliited to the merabera the illustratire lipeciineni^ 

Dr Barrf then read a paper on the unity of structure in the ani- 
mal kingdom, illustrating the same by large diagrams. (This 
paper has since appeared in this juamal,vol. xxii. p. IIG.) 

I837.yun.21,— Dayid Falconar, Eacj. V.P., in the Chair. The 
Secretary read a note from Professor Jameson relative to a splendid 
specimen of sun-fish, weighing 217 IbT and apparently a new species, 
lately captured in Leith Hoads, which was exhibited to the meeting. 
— Mr William Jamenon then read a notice, regarding tlie occur- 
rence of the Sacred Ibis, Ibu reiigiosa, in New South Wales, and 
exhibited specimens from that region.~-Dr Robert Hamilton then 
read an account of the fur-seal of uommerco, found at the New 
Shetland Islands by the late Captain Waddel, shewing that it is 
identical with the Otaria falklandiea, first described by Mr Pen- 

At this meeting, James Smith, Ksq. of JordanbiJI, was elected a 
member of the Society. 

Atk February Robert Stbvenson, Es<|. V. P. in the Chair. Mr 

Torrie, assistant-secretary, read a letter from Captain Alexander, 
the traveller, dated Doome River, 30°.40' south latitude, Africa, 
affording some interesting information. Likewise a letter from 
Oarid Macadam, Esq. dated H. M. Ship Portland. Athens, May 
1. 1S3G, giving an account of the progress, at that date, of the 
restoration of that ancient city, accompanied with a copy of a 
book published at Athens, containing many inscriptions not hitherto 
published, and likely to be soon obliterated ; and also with a me- 
teorological table of the weather on the coast of Helas. Dr Neill 
read an account of a curious kind of monstrosity observed in tlie 
common garden wull-flower ; communicated by Dr Paterson, with 
specimens of the anomaly. Mr Torrie then read the Rev, Mr Ro- 
bertson's account of the geology of In verkei thing. Mr Torrie like- 
wise read the Reverend Edward Stanley's account of the analysis 
of the mineral waters of Rippoldeau. It was tlien proposed to the 
meeting to address a memorial to the Commissioners for Northern 
Lights, praying them to establish daily tide-level observations at 
the different light-honsc stations where suitable situations might 
present themselves for that purpose. This was unanimously agreed 
to, and Professor Jameson, Mr Smith iif Jordanhilj. ;ind the Secre- 
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turie*, were appointed a fommittee, with powers to prepare and 

presunt sncli a memorial.' 

ISl/i FebTuarff.~T>T T. Stewart Traill, V.P. in the Chair. 

Mr Torrie, assistant-secretarjr, read Mr William Jameson's cri- 
tical examination of Mr SwainMii'a account of the distrlhntion of 
British birds, liis observationB bein^ foanded on the examination 
of nnmerous specimens in the Unireroity MuBenm. ProfcMiir 
Jameson tfien read a notice regarding the occnrrence of Amt^nile 
near Ely and Crail, and more latelyat Lochgelly, in secondary trap 
rocks- Professor Jameson iikenise gave an uuconnt of a series of 
rocks collected in the Cancnslan range by Major-General George 
Wright. There were exhihited to the meeting a very fine speci- 
men of the red urang-outang of Borneo, the great sloth fnta 
South America, a new species of eagle from Northern India, and 
the great Califomiau Tuttnre. 

* In Cfmseqjienco of the obore resolution, the fbUowing memorUl wu 
addressed by the committee tu Clisrles Cunninghame, Esq., Secretar; lo tht 
ComniissioDCTg ul'lhe Nottliera Lights: — 

Sir, 
We hai-e been appointed a committee b; the Wemerian Natitfsl 
History Society of Edinburgh, to represent to the Commlssionen of the 
Nurtfaem Lights the Imporlance of an accurate delernilDilion of the reUtin 
levels of sea ssil land on the British coast, and lo request respectfull^v, but 
eamestlj, tbat the Commissioners would order daily observations of the lereli 
of high and low water to be made and registOTed at the light-houses bcM 
adapted to auch experiments. Trusting that you will lav this expresmon of 
our desire for the promotion of so important an object before the Commit- 
doners, &c. 

To this memorial the follou-lng answer was received: — 

Nob 



Gbwtleuen, 

I have to acknowledge the receipt of your letter of the 19tb, contdning 
a request, on the part of the Wemerian Natural History Society, that the 
Commissioners of thu Northern Light-Houses would order daily observitlaM 
of the high And low water to be made and roistered at the light-hoiues best 
adapted to such experiments. I am directed by the Commissioners to Rcquaiot 
you, that they will have great pleasure in complying with your request, and 
that they have made a remit to Mr Stevenson, their engineer, to make the 
Nqulsite arrangements, and to correspond with you on the subject 1 vu, 
&C. 

(Signed) C CDaMiHOHUUE, Ste. 
Faorusoa Jamison and Committee 
of Wemsrian Natural Uislory 
Society, College. 
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4lA March. — David Falconeu, Esij., V.P. in llit Cluiir. Mr 
Tturie, nsaiatiuit-iecretary, read Mr Hamilton Stirling's uWitb- 
tions on the Punnah diamond mines. Professor .Tamrson cammD- 
ni(»ted a notice regarding tlie granite Ht Kingston Hnrboiir, Dtib- 
lin, and the trap rocks of the islet of Pladda, off Cantyre, with 
specimens transmitted by Mr Sterenson, eiril engineer. Mr Tor- 
rie tlicn read a ootice regarding r«cent marine shells found in a 
bed of clay tliirty feet above the present level of the Frith of 
Forth, by Mr James Nicol, Polniont. Mr Smith of .lorJanhill 
communicated a letter from the Rev. David Landsborough of Ste- 
venston, describing a deposit of similar reeent ehella mixed with 
sea-weed at a similar elevation abov« the present level of the Frith 
of Clyde, 

After a lengthened conversation on the subject of the entire re- 
moval of the Government Trigonometrical Survey from Scotland 
to Ireland, the meeting agreed to remit to the Council of the So- 
ciety to prepare a Memorial to Government, requesting that the 
triangnlation of Scotland should speedily be completed and jiub- 
Ushed. And for this special business, the meeting directed that 
Mr Smith of Jordanhill and Mr James Stewart Menteath, jun. of 
Closebum, be summoned to the meeting of Council. 

Professor Jamefion then laid on the loble Lord Gray's Kinfnuns 
Meteorological Table for 1 836, and ulso that of the Rev. Mr Macrit- 
ehic of Cluny : and exhibited a skeleton of a common cock, shewing 
s curioua abnormal fonnation in that bird. 

25iA March. — David Falconar, Esq., V. P. in the Chair. Mr 
Torric, assistant-secretary, rend a communicntion from the Rev. 
Samuel TraiU, on the mode of ascertaining the rate of the increase 
of the internal temperature of the earth i likewise an account of 
experiments made by Mr Peter Grant on the new substance named 
Donium, found in the Davidsonite of the Aberdeen quarries, com- 
Bunicated by Professor Fleming of King's College, Aberdeen. 
Dr Martin Barry then read further observations on the unity of 
structure In the animal kingdom, and on congenital anomalies, in- 
dndlng hermaphrodites ; with remarks on embryology, as facilita- 
ling animal nomenclature, classification, and the study of compara- 
tive anatomy; illustrating the whole by diagrams. (Since jmb- 
tisk«ii in thit Journal, vol. xxii. p. 343.) 

8M AprU^-Or T. S. Traill, V. P. in the Chair. It was inti- 
mated that the Council bad passed a resolution, directing the Se- 
cretary to write to the Secretaries of the Royal Society of Edin- 
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biirgli, And the HigUland and Agricultural Society, auggMting ihe , 
iiDportance of co-operation on the part of the principal scientific 
■ssociatiuna, and especially of theiO societies, in an application to 
GorernmeHt for the resumption of the trigonometrical survey cif 
Scotland. Mr Torrie, assistant-secretary, read the first part of 
Captain Mackenzie's account of his overland journey from India. 
Mr Smith of Jordanhill read an accoant of some extraordinary 
optical phenomena depending on atmospheric refraction, observ' 
ed in the counties of Ayr and Stirling. Mr Macgiltivray then 
read a paper on the geological relations, and animal and vegetable 
productions, of the Cromarty Frith, with observations relative to 
the estuaries and sea-lochs of Scotland. 

22d April. — The following Memorial, prepared by the Connral 
and Messrs Smith of Jordanhill and J. Stewart Menteatb, jun. of 
Closebum, was read and approved of. 

Unlo the ItighL Honouruble the l>irds Commiiaionera of His Mi^estj's 
Treasury, the Humble Memorial of the President und Member* of 
Ihe Wemerian Natural History Society- of Edinburgh ; 

.Shewelh, 

Tbat while yuur Memorialists view, with the utma«t aatialaction, the pro- 
gress which has been made in the noble Ordnance Surveys of England and 
Ireland, and are fuUj alive lo the immense advantages which those puts of 
the Empire arc already deriving from the admirable Trigouomelrical opera- 
tiuns by which their physical geography has b^en defined, your Memorialists 
beg leave humbly, and most respectfully, to urge upon your Lordships' atten- 
tion the very detective state of the best existing Mnpa and Charts of Scotland, 
and to suggeat to your lordships the propriety of directing the resumption 
of the Triangu lotion, and completion of tlie Trigonometrical Survey, of Scot- 
land, which has been so long and unaccounlubly suspended, alter it bad been 
auBpiclDusly commenced. 

The errors in Arrow sinith's Mop of Scotland, which has the reputation of 
being the best we possess, are so numerous and Important as to render the 
construction of a Geological Map of the country, on wtiich de|)endence can 
be placed, an Impracticable undertaking; while its erroneous positions of our 
Coasts and Islands present the taasl forniidable obstacles to navigation. 
The form and position of headlands, and even of considerable island^ in this 
map, and in our best charts, ore erroneously given; and sometimes dangerous 
rocks and whole islands are totally omitted. Foresample, your Memorialist* 
beg leave to call your Lordships' attention to the following fecta. The dia- 
tant rocks of the S'oafcand the £^frry. off the northern coast of Sutherland- 
shire, as well as the Ishmd nf Si KUda, are totally omitted in Arrawnnith'* 
Map, while the important Islands of Barca and Rona are mifi|ilaced, both in 
latitude and longitude In some charts the large Island of Arran IsUlddowa 
as G ni/rs from llute ; in otlier<i ns n milti, and in a third as I ! milei distant 
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B that isluul. PUdda Island Light, in cbortx, b placed as 10' N. orAllsa 
Cnlg ; whereas its true distiDce ia oul; W 20". These last axe serious errm 
at tlie eatrwice of so importaoL a river aa the C\y&e. 

Some jMn ago Dr Uacculloch was emploj>ed, at the public expense, to 
make a Geological Survey of Scotland, a circumsUnce utterly unknown to 
any public body in Scotland, until (he Parliamentary papers shewed that he 
had drawn frooi the Treasury upwards of £, 7000 for that service But the 
only&ult of this eipendilure is the publication of his posthumous Geolopcal 
Hap, oa which unfortunately little reliance con be placed for local details, as 
ft liigODonietrical survey should have preceded any attempt to represent the 
podtion of the rocks and mineral productions by a coloured map. Of this 
truth Dt UaccuUocb appear? to have become sensible, wbeu he advanced 
the imperfection of our best maps as an excuse for his delay in preparing the 
materials he had collected. 

Vour Memarialtsl) do not consider it necessary to enter into any detidied 
iibiervsUons on this occasion on the numerous and important advantages 
which must result to navigation, commerce, snii agriculture, or the scientific 
interest whii^ would arise from the completion of the Trigonometrical Sur> 
•nj of Scotland ; as your Mcmarialists have no doubt that these arc obvious 
la your Lordships; and Ibey have the fullest confidence in the desire of hia 
Majesty's Government to extend the benefits of accurate geographical know> 
ledge to all pans of bis M^esty's dominions. 

Signed in name of the Society, 

11. Jameson, FrtnJettt. 

VaitenUg. Ediiiburgh. 26th April 1837. 

The following MiDut« of Conncil was also read : — " The meeting; 
directed that 100 copiea of the Memorial be printed ; that a fur 
copy be writlen out for the Treasury, to he signed hy the Presi- 
dent in name of the Society, and transmitted through a Member of 
PtrliMnent : and that afterwards, a printed copy be transmitted to 
each of the Lords Commissioners, to the Spe^er of the House of 
Commons, and to each of the Scotch Members of PnrhHmeDt," Stc 
Mr Toirie, Assistant Secretary, read a continnation of Captain 
Mackenzie's account of his overland journey from India, particu- 
larly describing the present statistics of Moclia. Also an account 
of a visit, last snmmer, to the Jardin, near Ctiamouni, with a list 
of alpine plants. Mr Kemp then exhibited some interesting ex- 
periments with potassium, prodncung readily the metallic bases 



of various earths, and shew! 
tbe potassium, on coming 
dared lUefiil in affording nn 
a dark night at sea. 

Tbe Society adjourned till November next. 

VOL. XXJV. NO. XLVII.— JANUABY 1838. 
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Proceedings cfihe Sodetyjbr the Encouragemeni of the 

Usffiil Artsjbr ScoUamL 

UA January 1837.— Robert Bald, Esq. V. P. in the 
Chair.— The following communications were laid before tk 
Society : — 

1. Part Second of the Annual Report on the State of the Useful Artib 
ordered by the Society. By Edward Sang, Esq. F.R. S. £.» late V.P. So^ 
Arts, teacher of Mathematicsy and lecturer on Natural Pfailoaophyy Edin- 
bux^gfa. 

In this paper Mr Sang took into consideration the relaUve degrees of 
tkill needed in liand and slide turning ; and shewed that the inlrodoc- 
tion of slide-rests, had brought to light difficulties in obtaining niimte 
accuracy, which before were hardly felt 

2. Model and Description of a Scraper, to be drawn by horses, ibr scnpbig 
the Sludge off Turnpike Roads ; and also Model.of a Snow-Plough, to be dnva 
by men, for clearing new-fallen snow from side-pavements of streets, or from 
the walks in pleasure grounds. Invented by Mr Thomas White, wiighki 
Straton. 

3. Supplement to a former paper on the Use of Steam in the economisfag 
of Fuel By Dr Andrew Fyfe, F.R.S.E., M. S. A., lecturer on Chemiiby, 
Edinburgh. 

4. Drawing and Description ofa Pendulum Escapement. By Mr Andxev 
Symington, watchmaker, Kettle, Fife. 

6. Notice and Specimen of Flowered Muslin, cut off the first yard of dotk 
ever flowered by machinery. The machinery invented by Mr John MottoOi 
Marchbum Cottage, Dunoon. 

6, Z>(ma/ion.— .Report to a Committee of the Commissioners of the North- 
ern lighthouses, appointed to take into consideration the subject of illumiM* 
ting Lighthouses by means of I.enses; — On the New Dioptric Light of tht 
Isle of May. By Alan Stevenson, Esq. M. A., civil-engineer. Presented 
by the author. 

7. The Report of the Committee on Mr Kay's Turnip Cutter, wasie4 
and approved o£ 

The following candidates were admitted ordinary members, 
viz :— 

George Irving, Esq. W. S. 106 Prince'9 Street ; Mr George A]kman,eB. 
graver, 29 North Bridge ; Mr John Burke junior, upholsterer and cabiiirt* 
maker, 8 St Andrew's Square. 

^th January 1837.— Robert Bald, Esq. V. P. in the 
Chair. — In consequence of the absence of the Secretary, «nJ 
of some of the gentlemen who were to have read communica- 
tions this evening, by reason of the prevailing epidemic, the 
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deiy did no business, but resolved to adjourn till the 15th 
, being the next ordinary meeting. 

15(A Fchrtiary 1837.— Sir John Graham Dalyell, V. P. in 
the Chair. 

I. Notice of OlMervntians made on Ibe rapidity of Motion, anil on the 
durttion of the ttoppages on tbe Liverpool and lUancliesler Railway. B; 
Edward San^ Esq. F.ILS.E., late V.P.S.A., lecturer on Natural PhiloBOphy, 
ftc> Edin.^ln the course of thu paper, Mr Sang expressed his opinion that 
the present rapid rates of motion on lailwars ma; yet be Ikr surpassed. 

S. Description of an Improvement in the common Vice, whereby the ac- 
Uca of the Screw is made perfect. By Bobcrt Wilson, Engineer, Paul's 
Woffc, Edinbu^k— The Tice was exhibited. 

3. Model and Description of a Machine Intended to be used as a Ship's 
Windlass ; planned and constructed by Mr Andrew Monro, Limekilns, Fifb- 
diirb Communicated by Mr James Dowlc, 57 Frederick Street, M.S.A. — A 

VorkiBg Model was eiJiibited The Society seemed highly delighted with 

this rimple contrivance, which enables the seamen to heave up continuously, 
trithuut stopping to shift the cable. 

4. The Committee on Mr J. Kirkwood's Tenoring and Sash-making Ma. 
dlln^ reported. 

4. UmtahoH. — Sjicdmen of Type Printing, in which the New Testament, 
nalmfi, and Paraphrases, are printing in relief. — for the Use of the Blind. 
By John Alston, Ebij. Glasgow, printed by George Urooknmn. From Mr 



The followiug candidates were admitted ordinary members, 
iki— 

I. John Bra^ £aq. Secretary, Nnrtb British Insurance Company, 1 Han- 
over Street ; 3. Thomas A^tley, Esq. Monufocturing Chemist, Bonnington. 
Joseph Whitnorth, Esq., En^eer, Manchester, was elected an honorary 



^lai March 1837.— Robert Bald, Esq. V.P. in the Chair.— 
e following communications were laid before the Society : 

■ X. Deseription and explanation of Avery's high pressure Itutatory Enf^ne; 
d also a nev double pressure Eogme. By Mr Jamex Gall, junior, printer. 
'intnus''* M.S.A. 

% Hr Buthven exhibited a working model of Avery's American high prea- 
nire •t«aiii.cn(pn& 

An interesting ilebate ensued upon the subject of these Rotatory (team- 
engines ; whii'h waa adjourned till next meeting. 
3. Notice of the architectural arrangement!) proposed by Mr Alexander 
Uumy, of the Caledonian Pottery, Gla^w, for promoting general educar 
n, combined with religious instruction. By Thomas Murray, Esq. L.L.D., 
lobuj^h. Communicated by Dr D. B. Ueid, Couns. S.A.— A large model 
n exhibited. 
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A. Donation — It^urt of tbe Directors or the LlTerpooI Mechanici' lutt 
tuUon, In March 1839. From the aecxelaij lo that Inslllulion, pes £. Sin^ 
Esq. 

\5th March 1837.— Robert Bald, Esq. V.P. in the Chair— 
The following communications were laid before the Society: 

I. Model and an Account of a Nev Voltaic Battery, being a modificilioi 
oF thi? cnnstructioD recommended hy Mr Faraday. B/ Mr Janira yaaaf, 
Chemical asuBlant lo the Anderaonian Univermtj, Glo^ow — Mr V«iii| 
exhibited the Battery in action, and perfurnied a number of interealiog ei- 
periments, ihewing the power of this Battery. 

3. Part first of a dissertation on the Fallacies of Ihe Itotatory Sleini-en- 
glne. Br John Scott Russell, Esq. M.A., F.R.S.E., Couns. S.A. 

3. Mr Sang exhibited the Model Steam Buat, constructed for the Ule Pitt- 
(feasor Leslie, on the principal of Barker's Mill. 

4. Notice of the Tlieoretlcnl Power of Barker's Mill. By Edward Su^ 
Eaq. F.R.S.1:., Couns. S.A. 

5. Mr Ruthren sgniu exhibited Ihe Working Model oi Avery *s Aniericu 
high pressure Steam-engine. 

6. The Inrgc model of the Architectural Arrangements proposed bj Mr 
Alexander Murray, of tbe Caledonian Pottery, Glasgow, fur promoCiliK |^ 
neral education, combined with religious instruction. Commumcated byDt 
D. B. Reid, Couns. S.A. was again exhibited. 

The foUowiog candidate was admitted an ordinary mcmlxr, 
viz: 
Jobn Bell, junior, Eaq. W.S. 13 Great King Street 

29(/* March 1 837.— Alexander Adie, Esq. F.R.S.E. in the 
Chair. — The following communications were laid before the 

Society : 

1. A vertical Orrery on nn extremely simple principle, calculated fiir be- 
ing used in Seminaries ; having only one Wheel and Pinion, and yet exWUl- 
ing the moiion of the Karth round the Sun, and of the Moon round tbt 
F.aTlh : the Parallelism of the Earth's Axis, and the Phases of the Mono- Bj 
the Rev. George Tough of Aytoun, Assoc Soc Arta.— The Orrery wu ex> 
blbited and described by Mr Tough, 

2. Fort second of a dlseertutioii on the Fallacies of the Rotatory Stcanr- 
engine. By John Scott Russell. Esq. M.A., F.R.S.E., Couns. 8.A.— b 
this second part Mr Russell cunuidered the practical diflicuUies in coDslnMl- 
ing rotatory steam-engines, as also the want of durability occasioned by tbe 
unequal motion of the porta, 

3. Notice of tbe Theoretical pnwer of Barker's Mill. By Edward 8si«> 
Esq. F.R.S.E., Couns. S.A. 

4. Mr Gall exhibited a working model illustrative of the prinup!* <* 
Avery's American high pressure steam.engine. 
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% MuJeU Drawing aod Uescriptlun (if a Butaling Steam^Qgine. By Mr 

iuin CUrii, Cnig Cuurt, Argvle Slreet, G lisguv. 

6. The adjourned debute on Mr Goll'i dncrlptian and eiplanalloa of 

Avery 'a high pressure rotatory engine, and of Mr GbII's double preaaure &n- 

glne was resumed. 

\Uh April imi.—^AT John Graham Dalyell, V.P. in the 
!hair. — The following comniunicatioDs were laid before the 
(xnety: 

I. Eaay on the oonslruclion, power, and advantages of Hiero'a steam-en- 

By Edward Sang, Esq. F.H.S.E., Couns. S.A.— Mr Sang endeavuurtid 
*, it) opposition to an opinion he fonnerly exjifessed, that this engloe 
inrkingln racuuni, is capable of giving out the whole jwwer uf the steam. 
L An answer to Mr UusaeU's " Uiasertation on Llie fallacies of the rotatory 
-engine," and to the tbeoretical objections to Avery's and the new va- 
engine; with further Buggcslians as to their iniproTument. ByJiunei 
junior, Couns. R.P.S., M.S.A. 
S. Description and Drawing of a new melbod of preventing explosions In 
i-boilera. By Mr John Macfarlane, Fountainbridge. — A model was 
hewn in illustration. 

4. Donation — Mr Gall, junior, presented three copies of a recent work by 
In on the '* Education of the Blind,'' with specimens of printing for the 
Und in the fretted characlerj also of pictures for the Blind. 

i. Specimens of Flowers modelled In wax. By Mr« Brydie, teacher in the 
nale department of the Academy al Dollar ; were exhibited and much ad- 
Ired for their fidelity in form and ))eauty nf colour. 

James Smith, Ksq. of Jordanhill, F.R'SS.L. & E., F.G.S. &c was admitted 
I ordinary member. 

The •nouil abstract of the funds under the management of the Society- 
ting for the year lU3a-36— wasloiilan the table. 

26i/. April 1837— Robert Bald, Esq. V.P. in the Choir.— 
Oie following communications were laid before the Society : 
I. Model of a Waggon and Jlailroad Switches, shewing a method of open. 
[and shutting the switches by means of the waggon ilaelf, in crossing from 
I line of railways to another, at llie pleasure of the waggoner. By Mr 
l*id Kemp, Smith, Fox's Lone, Lcith. 

5. Descriptions and Drawingsof a new methudof communicatingmotion to 
laft lying at an angle. Invented by Mr Jonies Milne, brjss-founder, 
ubiirgh, Couna. S.A. — A brass working model presented to the Society bv 
Milne was exhibited. 

a, Description and Drawing of a plan by which Fuel may be economised 
Mr Andrew Symington, Watchmaker, Kettle, Fife. 
. On the Mucilage of the Fuel, with remarks on its application to econo- 
s1 ends. By Mr Samuel Brown junior, Haddington. Communicated by 
' Alexander Bryson, EdLn. M.S.A. 

fl> Eisay on the selecting, working, uJid tcmpermg of SteeL By Mr Wll. 
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liam Nicol, 4 East Adam Street, Edinburgfa.— Uhutimtive fl^wdmeos 
exhibited. 

6. The report of Committee on Mr Symingtou's Eacapement, read and i^i- 
proved o£ 

7* The report of Committee on Mr Munro's Windlass, lead and approved 
of. 

8. Dono/iofi.— Nos. 11.14 inclusive of the Journal of the Bahama Sooetf 
for the diffusion of knowledge. From the Bahama Society. 

9. Donation, — Report by a Committee of the Royal Sodety of Edinbuigh 
"Regarding the New Dioptric IJght of the Isle of May. Dated 28th October 
183G. Presented by John Robison, Esq. Sec R.S.E., M.8.A. 

lO^A May 1837.— Sir John Graham Dalyell, V.P. in the 
Chair. The following communications were laid before the 
Society : 

1 . Specimen of printing on both sides of the paper, for the use of the Btind ; 
— ^with a few remarks on its advantages, and probable influence on the price of 
books for the blind. By Mr James Gall junior, printer, Edinbuxgh, MJSuA* 

2. Verbal notice relative to an oversight in Professor Babbage's tabk rf 
Logarithms, which may lead to erroneous conclusions. By William Gtl* 
braith, Esq. teacher of Mathematics, Edinburgh, M.S.A. 

3. Description and Drawing of a new instrument called the HamiQiUKnetR 
or measure of Harmony, exhibiting the nature of the miyor and minor keji 
of musical composition; the notes belonging to each and all of them, and the 
relation between every major and its corresponding minor. Invented by Mr 
John Gray of Henderson Row, Edinburgh. — The description is printed, bnt 
was unpublished at the date of lodging. The Harmonometer was exlo* 
bited. 

4. Notice of an improved Kitchen Lamp. By Mr Edward Roxbey,baf- 
ket-maker, Glasgow. With a drawing. 

5. Model in Plaster of Paris and Drawing of a Dome Arch ; with a new me- 
thod of applying the rules in working the beds of the arch stones. By Mr 
John Weir, Venetian blind-maker, Glasgow. 

C. Model, Description, and Drawing of an Inside Pendulum Escapement 
By jVIr Duncan Macgregor, Smith, Comrie. Communicated by the BeY* 
D. T. K. Dnimniond, M.S.A. 

7. Model in Brass, and Description and Drawing of an Equable Flow-cock 
for bottling liquors without disturbing the sediment in the cask, and without 
loss of time. By Mr John Lothian, 21 AthoU Crescent, Edinburgh. 

8. Dofiation, — A Map of the Ijevels of Edinburgh and its Enyirons. Bj 
Mr William INIoffal, Knightsbridge, London. Presented by Mr Moffiit—^ 
specimen frame for ditto, by Mr Alexander Crichton, printseller, West Be- 
gister Street, M.S. A. was exhibited. 

9. DotiuHon, — Printed Description of a patent Screw Mooring Machine ibr 
mooring vesseb. By Mr Dunn, Cur. Soc. Arts. 

10. Donation. — Printed Essay on the economical manufiicture of Tiles and 
Tile Soles for draining. By Mr John Coulter, builder and tile manu&ctarer, 
(ijasgow. Presented by Mr Coulter. 



II. A TuDlog Fork wUb a scale crigraved uo it, i 
•Lnick at pliiaBure. Dy Mr J. B. Muulil, engrarcr, 
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) tbat any noto may be 
Edinburgb, M.S. A. 

The fullowing candidates were admitted ordinary members, 
viz: 

Mr AtexandeT Cownn, paper-makeT, Mora; House, Ediaburgb, and H. S 
Alrcj, Eoq. 9 Bu.ral Terru^e. 

Zitk May 1837. Hubert Bald, Esq, V.P. in the Chair.— 
The following cotn muni cations were laid before the Society ; 

Thirty-two specimeiu of frniisfer and Chalk Lithi^niphic and ^Inco- 
p*pbic Printing. By Messrs Allan and Ferguson, Litliogtaphers, GUaguw. 

a. Twenty-twaspecimensofTransfferand Cbult Lilhographicprinting. By 
Uenn Maclure and Maoluiiald, Lilhographera, GUsgov. 

3. Model nnd Inscription ofa new Paddle Wheel. By Lieutenant A. M. 
Bkelie, R.N. Coinmuni<:ated by .Tobn Scott Russell,. Esq. M.A., F.R.S.E., 
DouBS. ^.A. 

A. Aildiljonal Uemarka on the Use or Steam in Economiztng FueL B/ 
Andrew Fyfe, Esq. M.D. F.R.S.E.. M.S.A. 

S. On some imprnvemeuls In the construction of Galvanic Troughs. By 

Andreir Fyfe, Esq. M.D., F.B-8.E., M.S.A The Improved Troughs were 

d in action. 
' S. On the Advant^^ of increasing the Adhesion of tlie wheels of Ijkh- 
Hive Carriages to the raila : and on a method of increasing that adhesion ; 
d alM of preventing the wheels from atarCing o IT the rails. By Muiigo 
tdntan, Esq. W.S., F.B.S.K., Couns. S.A — With drawings and Models. 

Mr Ponton proposed to create a powertul attraction between the iron 
raQ and the tire of the wheel, by means of electro-magnetic apparatus, 
thereby causing an increased adhesion without altering the weight of 
the caniage. 
7. AmoAon. — Four specimens of the new Swedish Bank Notes, (tereu* 
ttped and printed on paper of a peculiar kind, and one specimen of the old 
hiles, shewing the progressive improvement of the useful Arts in the North 
if Kurope. From Kohert Bald, Esq. F.R.S.E.,V.P.S.A 
> B. Mr Bald exhibited a specimen of Swedish Cutlery, and speciniens afa 
■ coinai^ of Silver in Sweden, aud made some observations on the Swedish 
int, from actual observation. 
, 0. Donation. — On the Temperature and Geological Relations of certain 
lot Springs, particularly those of the Pyrennees ; otid on the verification of 
Fhermometen. By James D. Forbes, Esq. F.R.SS.U & E., &c. Printed 
tathe PbiL Trans. 1030. From the author. 

10. Donation. — Note relative to the Supposed Origin of the DefideDt nyi 

if the Solar Sjiectrum ; being an account of an Exiierimcnt made at Edlo- 

fa during the Aonukr Eclipse of 16th May IBSC By James D, Forbes, 

■q., F.ILSS.L. ft E. Printedin the Pliil. Trans. IS3C. From the Author. 

' II. Ddnalian Accounts of sonie Experimeots made in dilfcrenl parts of 

%Wi\Ht oti Terrestrial Magnetic Intensity, particularly with reference tn 
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the effect of Height By James D. Fmbes^ £sq^ FJUS&L. & £. Ac 

Printed in the Trans, of the Kojal Soc of £dhu 1837* From the AnthoK 
12. jDonodon—Spedmens oflnkand of Chalk Lithognplij. T^ Ifesn 
Leith and Smith, Lithographers, 30 Hanover Street, Edinbui)^ Fraa 
Messrs JLeilh and Smith. 

The following candidate was admitted an ordinary mem- 
ber, viz : 

Mr William Cooper, patent glass manu&cturer to the King, PkndjPhee^ 
£dinbuigli. 

9\st June 18S7. — John Shank More, Esq. Counsellor, in 
the Chair. The following communications were laid befoR 
the Society : 

1. Part third of the annual report on the state of the Uaefiil Arts— ordered 
by the Society : — being on the progress of exactitude in the manu&cture of 
machines. By Edward Sang, Esq. F.R.S.E., Couns. S. A— teacher of miUie 
matics, and lecturer on Natural Philosophy, Edinburgli. 

2. Three specimens of Zincography drawing and printing. By Memn Alp 
Ian and Ferguson, Zincographers, Glasgow, 

3. The standing committee on the best alphabet and method of printfaig 
for the use of the Blind, gave in their report, which was read and ^ipntcd 
of, and ordered to be printed in the Society's transactions. 

4. Report of the committee on Mr Gall's printing on both aides of the 
paper for the use of the Blind, was read and approved of, and ordered to be 
printed along with the relative communication on that sutgect, and on the 
fretted type, as an appendix to the principal report on printing for the BHo^ 

5. Donation, — ^The Constitution and B.^ulations of the GUigow and 
Statistical Society ; and part first of the transactions of that Society.* (Glas* 
gow, 1836.) Presented by James Cleland, Esq. LL. D. Glasgow, Presideot 
of that Society. 

6. The reports of the following committees were read and approved (tf:— 

1. On Mr Young's voltaic battery. 

2. On Mr Kemp's and Mr Rankine's railroad switches. Mr Dunn, Con- 
vener. 

3. On Mr Roxbey's improved kitchen lamp. 

4. On Mr Weir's dome arch. 

fi. On Mr Lothian's equable flow-cock. 

6. On Lieutenant A. M Skene's paddle-wheel. 

7. On Mr Brown's mucilage of the FucL * 

8. On Mr M'Farlan's prevention of explosion in boilers. 

9. On the Rev. Mr Tough's Orrery. 

10. On Mr D. Macgregor's inside escapement. 

1 1. On Mr Milne's method of giving motion to a shaft lying at an angles 
7' The report of the committee on Mr R. Wilson's improved Vice— 

(though ready and very favourable)— not being given in, was remitted to the 
prize committee. 
8. The committee on Mr Kemp*s and Mr Rankine*s railroad switches, no 
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vj to report Ibe result ol' triuU as la Ihdr relative ri^suUs, vas ci 

Mr John Eager, teacher of murij;, 48 North Frcilrick Street, «u admill 
ordinorj member. 

The following gentlomen were proposed by tlie Council ai 
idected honorary members, viz ; 

M. I. Brunei. Eaq. P.ILS., civil engineer, Landan ; the Rev. LanL Cu- ^ 
^ter, LI.D.. Bristol i James Cteland, Eat^. I.L-D. GliiHgow, Presiilent of Ibe 
OUagow and Clydesdale Statistical Society, &c. &c. ; John Alston, Esq. of 
Koaemount, Patron and Treasurer af the Asylum lor the Ii)diistiious Blbd, 



The Couidl reported concerning opartments In Hanover Street, whicb 
ire been taken as a MuseuiB, for ibe accommodation of the niodeU belong- 
ing to the SodetT, and tor meetings of eommillees. 

The Society held its first Meeting for this Session, in the 

oyal Institution, on Wednesday 16th November 1837, at 8 

p'clock P.M. — Sir John Graham Dalyell, on taking the Chair. 

one of the Vice-Presidents, adverted to the objects of the 

Bociety, and remarked — 

That during the preceding sixteen sesaions, since Its institution, probably 
Knie other bad diffused equal benc6t3. Controjitiag the difficulties which 
brmerly opposed communications of the works or the ingenious nith Ihdr 
ent advantages, they had only now to submit their projects, or their in- 
tuitions, to the Society, to be ensured of patronage. But he desired ptr- 
lleularly toenforce, that it was not perfect and completed works alone which 
Rie desirable. The progress of the arts and sciences was stow, — composed 
raaoy parts, — the ofFipring of many inventors and improvers ; so that even 
be slightest Lints and suggestions might prove of infinite utility. Nowhere 
IB this better exemplified than in the slender eammcncements of a watch, 
e most delicate — or in the origin ef the stcam-en^e, the aioat powerful — 
machines. The Society embraced many different objects, nf which a fair 
d promising specimen was afforded by the biUet of the evening. Most in- 
Wreitlng facts were continually emerging cuDcercing the rapidity of travers- 
{ the cminliy ; but now it appeared as if a new epoch In history were about ^ 
open, in the instantaneous communication of inteUigence by physical and 1 
echanical properties ingeniously combined. ^ 

The following communications were then laid before the 8o- 
oety: 

I. Essay on the forms of the Teeth of Wheels :— Part I. Wheels with the 
jUea pantiet to each other. By Edward Sang, Esij., F.II.S.E., \1.%.& — 
iwings were exhibited. 

S. Drawing and verbal Description of an improved vertical Watch. By Mr 
Chnmas Robertson, watchmaker, Rothesay. — The WaWh was exhibited. 
3, Drawing and verbal description of an improved Lever Watch. By Ibe 
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4. Drawing and Terbal deflcription of an improved Esci^^nient fiur a Chio- 

nometer. By the same. 

6. Model of a machine and apparatus for conveying inteUlgenoe^ (or fbr 
making communications with great rapidity between points or places at a dis- 
tance from each other, by means of Electric or Voltaic currents and Msgne- 
tism, was exhibited in action ; and a description of said machine and appara- 
tus, with remazlu on its utility and national importance, were read. By 
William Alexander, Esq. 19 Windsor Street, Edinburgh. — ^At the request of 
the Vice-President, the machine rapidly communicate the words ** Queen 
Victoria," "Society of Arts,- ** Alexander." 

6. Donation, — ^Descri;sione di Alcuni Instrumenti da Misurare gli Angoli 
per Riflessione, Memoria. Del Professor Gio. Battista Amid, Astnmomo 
dell* J, R. Museo di Firense, — Socio della Societa* delle Arti di Scozia, &c. 
(Printed at Modcna, 1836.) From the author. 

The following candidates were admitted as ordinary mem- 
bers, viz : 

Walter Jollie, F^. W.S.^S Albany Street ; William Alexander,. W.S. 19 
Windsor Street ; Mr James Ruthvcn, architect, 33 Montagu Street. 

The Annual General Meeting of the Society was held in the 
Royal Institution, on Wednesday the 6th December 18S7y at 
eight o^clock p.m. Sir John Graham Dalyell, V. P« in the 
Chair. 

The minutes of last meeting having been read and approved 
of, a dutiful and loyal address to her Most Gracious Majesty 
Queen Victoria, on her accession to the Throne, which had been 
prepared by the Council, was unanimously adopted by the So- 
ciety. Thereafter the following communications were read and 
exhibited : — 

1. On an extraordinary instance of Refraction. By WiUiam G^albnith, 
Esq. Teacher of Mathematics, Edinburgh, M.S. A. — The thanks of theSo^ 
ciety were given for this Pap3r, which was ordered to be printed in the 
Transactions. 

2. letters on the subject of the Society*s Report on the best Alphabet and 
Mode of Printing for the Blind, received from the following gentlemen, were 
read, viz : — The Rev. William Taylor of York, Hon. M.S. Arts ; the Rev. 
Dr Lant Carpenter, of Bristol, Hon. M.S. Arts ; The Rev. Thomas Bold, of 
Liverpool School for the Blind. — ^Thanks were given to these gentlemen. 

3. Donation. A Ky-ee-lce or Boomerang, being a missile weapon used by 
the natives of Australia, possessing very remarkable properties. From Mr 
Gunn, of the Dublin Advertiser — Thanks given to Mr Gunn. 

4. Specimens were exhibited of various articles manufactured from Caout- 
chouc, under Letters Patent, such as Elastic Web for Saddlegbrths, RoUen. 
Surgical Bandages, — Galashes, Sheet Rubber, Elastic Tubing, — Cables^— 
and Towing.ropes, — Window.sash and Window-blind Lines,— Ropes and 
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JUodi for Coal mineB, Banilti, IlikC and round Ibr Mscblner/,— Vantbhet,— 
Paint for OuUide-WDrl;, Ac. Ac, — selected In London, bj Mr James Dowie, 
boot and ihoemoker, 67 Frederick Street, Edinburgh, M.S.A.— Tliankt voted. 
fi. The Aaemonieter, invented bj Mr B- Adie of Liverpool, whereby the 
most minute Changes In the Force or Velocity of the Wind, or current of 
Air, ma; be measured,— for which the Silver Medal was awarded in Wi^ — 
— was exhibited through tlie kindoessaf Robert Stevensou, Esq, — After lome 
interesting obserrationa on the subject of Anemometers, the thanka of the 
Sodetj were voted to Mr Stevenson. 

; 8. The List of Prizes otfcrcd by Ihe Society for the current Session 1837-38, 
■mu distributed. 

, 7- The Models, Drawings, &c. of Inventions, &c (Session 1836-37) for 
which Prices have been awarded, were exhibited. 

8. The Report of the Prize Committee avarding the Prizes for Session 
1836-37 was read, and the Frizes were delivered to the successfijl Candi- 
dates u follows: — 

1. To Mr James Milne, brassfounder, Edinburgh, CS.A., for his Model, 
Drawings, and Description, of a New Method of communicating Motion to a 
Shall lying ut an ,Vngle,_read ond exhibited IGih April 1837,— tlie Society's 
Honoiury Silver Medoi 

2. To George William Hay, Esq., 2 Duncan Street, Newin^on, Edin. 
bu^fa, for his Model nod Description of an Improved Turnip Cutter, — read 

«id exhibited S3d November 1Q3II,— the Society's Uonontry Silfer Medal. 

3. To BIr James Gall junior, printer, Edtnbui^h, M.S.A., tor his Speci- 
qena ol Printing on both sides of the Paper for the Use of the Blind, with 
nmarks on Its sdvantnges, &c, — read and exhibited lOlh May 1837, — the 

'Society's Honorary Silver Medal. 

4. To Mr J. B. Mould, engraver, Edinburgh, M.S.A.. for his Tuning 
Fork, with a Scale engraved on it, bd that any note may be struck at plea- 
anre,— exhibited loth May 1837,- the Society's Honorary Silver Medal. 

i. To William Galbraith, Esq., teacher of mathematics, Edinburgh, 
'M.S.A., for his Paper on the Erroneous Geographical Position of several 
Poiota in the Firth of Clyde,— read 7th December 1830 ; which tended ma- 
(lariAlly to expedite the order for the resumption of the Trigonometrical Sur- 
<wey of Scotland, — the Society's Gold Medal, value Ten Sovereigns. 

9. To Mrs Brydie, teacher in the Academy at Dollar, for ber Specimensof 
■wen modelled in Wax,— exhibited 13Cb ApHl 1U37,— the Society's Silver 

iBtedal, vklue Eight Sovereigns. 

7. To Mr Andrew Monro, shipowner, limekilns, for bis ^lodel and De- 
teriptlon of a Machine intended [a be used as a ship's Windlass, — read and 
exhibited lath February 1837,— the Society's Silver Medal, value Five So- 



8. To Mr Robert Wilson, engineer, Paul's Al'ork, Edinburgh, for his Mo- 
deland Description of an Improvement on the Common Vice and VIce-Chuek, 
v^nd and exhibited 16th February 1837, ~thc Society's Silver Medal, value 
five Sovereigns. 

• 9 To Mr James Young, chemical assistant iii the Andersonian liniveraity, 
Glasgow, Ibr his Account of a New Voltaic Battery, being a modiQcatiun of 
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mJed bj Mr FamdBy, wilh a model, — reaJ Mod <s- 
hibitcd 15th MarcblUS?.— Ihe Societ.v'iSilver Medal, value Five SoveidgniL 

lU. To Mr John LotliUn, 21. Albole Cresent, Edioburgb, for his Model 
mud DeKrlption of an Kquable Fluv-cock for botlliog Liquors, witfaoul dln- 
turbing Ibe Sectimeol in the Cuik, and witliout liisi of time, — read and exhi- 
bited iOth May IS37,— ILe Society's Silver Medal, value Five Soverdgni. 

11. To the Companiei of Messrs Moclure and Macdonald, and of Mesns 
Allan and Ferguson, lilhi^iiphen, GUagow, Tor their renpective Spedmois 
of Lithoj^phic Drawing and Printiog, from IraUBfer Drawing!^ — eibibiled 
34th May 1S37, — in respect that these Sjiecimens offered in competlUoa are 
judged to be equal in merit, — the Society's Silver Medal, value Eight Sovet. 
elgns, to each of the Companies. 

VI. To the Companies ofMesarsi Allan and Ferguson, lithograpber«, Ght- 
gow, for their Specimens of Lltbo^aphic Drawing and Printing; from Chalk 
Brawinga, — the Society's Silver Medal, value Eight Sovereigns. 

13. To Mr Thomas White, wright, Straiton, county of Edinburgh, for his 
Model and Description of a Soow-Ftougb, for clearing uew-I^Ueii enow liam 
foot pavements In Town, and thim the walks in pleasure-gruunds, — TVmL aad 
exhibited 7Lb December 1836,_Twa Sovereigns. 

The Committee reported, that there had been no competition for the Ed- 
lowicg prizes : — lat I'rize, Society's Gold Medal of 26 Sovereigoa ; 2d ditto, 
ditto, 18 ditto. 

Besides the thanks acknowledged to be due to all those Gentlemen irho 
have sent communications to the Society, the special thanks of the Sodelj 
were given to the following Gentlemen for their respective communicatiaM, 
viz.!— 

I. To Sir George Mackenzie of Coull. Baronet, F.R.3.E., M.S.A.., forhlt 
Model and Description of an Annular Fountain Table Lamp (Ai^gand burner) 
calculated for being used with Cocoa-nut or other concrete Oils ; — read and 
exhibited S3d November 183S. ' 

3. To Mr Samuel Brown, jun., Haddington, for his paper on the Hudl^ 

of the Fud, with remarks on its application to the UsefUl arts ; ratd SStb 

April 1837. 

3. To Edward Sang, Esq., F.R-S.E., C.S.A., for his various Coiomuiik*- 
tiona, and the general interest he bas taken in the Society's proceedings dur- 
ing the past Session. 

4. To Mungo Ponton, Esq., W.S., F.R.S.E., M.S.A., for a Paper on the 
Advantage of increasing the Adhesion of Wheels of Locomotive Carriages to 
the Rails ; and on a method of increasing that Adhesion, and alio of prevent* 
ing the Wheels from Starting off the UaJls; with Drawing and Model; — read 
and exhibited 24th May 1837- 

The Society's Gold Medal, value Twenty Sovereigns, lately awarded fbr 
the beat Alphabet and best Method of Printing for Che Use of the Blinil, »ai 
delivered to the heirs of (ho late Dr Edmund Frv of London. 



* Since this I^uip wasgubmitteJ to the Society, Sir George MackeDste hi 
succeeded in burning Cocoa Oil in the Cununon Lamp. 
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The following candidates were duly admitted as ordinury 
members, viz. : — 

J. G. Hopklrk, Esq.. LL.B. W.&, 75, Great King Street j GUbert Lsuric 
FialBj, En)., W.S., 130 George Street 

In terms of Law XI. the Society elected the following office- 
bearera for the ensuing ycax : 

PimitiA, Sir John GrRham Dolvell, Kt., V.&..&—Viee-PTaidtnt; D«vid 
B. Reid, M.O., F.K.S.E. -, Mun|;o Ponton, W.B., F.R.S.£.^^iT«(arp, JnmeB 
toA.— Foreign Saremrg, Alenander Adie. F.ILS.iL--7>wuurrr, G. Maijori- 
buvIiB. — Curator qf Mvteum, John Dunn, and tvelve ordinarj Couiuellors. 

In tenns of Law XIII. the Society appointed b Committee to audit the 
Treasurei'a books, and to report thereupon, and geneiaU; on the state of the 
funds of Ihe Society, at next meeting. The boolca were Lud on the table. 



SCIENTIFIC INTELLIGENCE. 

UETBOROLOCY. 

1. Storm at Constantinople. — Extract from a letter from Ad- 
miral Roussin to M. Arago regarding certain periodical stonna 
at Constantinople. — "Last night (the 10th August) we had a 
violent storm ; it is periodical, and occurs almost every year 
between the 10th and the 15th August. This storm com- 
menced in the south, and then veered to the north, approach- 
ing the Black Sea, its ordinary domain. It lasted from one 
o'clock in the morning to daybreak with great violence, and ac- 
coropanied by a furious rain; the lightning struck three points 
near to one another ; at Pera, at the embassy of Denmark, and 
St that of Spain it broke the doors, burnt the carpets and cur- 
tains, but without touching the panes of glass. The other stroke 
fell on a small Greek vessel, broke its mast, killed a man, and 
wounded another. At other times storms are by no means fre- 
quent here ; I have never seen more than threeor four in ayear." 

2. Great Meteor observed at Paris on the 21 j( September 1837- 
(Note communicated to the Academy byM. Mauvais, pupil at the 
Observatory.)—'^ On Thursday aisi September 1837, at 7h. 48' 
mcau time, as I was crossing the square of the Pantheon, on my 
way to the Ohscrvatory, I suddenly perceived a dazzling hall, 
*hichproducedsogreata light (Aid o6/fc(.)(Amporf(4imci«AadbK'. 
It commenced its course from a point situated at nearly an equa) 
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distsnce from the eagle and the dolpiiin ; passing i of the Eagle, 
it was suddenly extinguished near aCapriL-om,alitlle to the east 
of that star, leaviiig behind it a long luminous train. The du- 
ration was not above 6" or 7* ; nevertheless, as the light which it 
diffused made me mm my eyes to ihc quarter from which it came, 
it is probable that the meteor had existed for some seconds before 
I perceived it. lis form was rounded at the lower part (that 
which, following the movement of the ball, was in front) ; the 
uppcrfport was less distinctly terminated. It gave out in all 
directions brilliant rays of white light. Its diameter, in a hon- 
zontal direction, seemed lo me equal to a fourth part of that of 
thefmoon. The sudden appearance of a light so vivid, in a slty 
which was quite obscure (the moon had not then risen), called 
forth an exclamation of surprize from all those near me who were 
witnesses of the phenomenon." 

3. Aurora Borealh. — In terminating a communication made 
to the Petersburgh Academy, regarding the aurora of the 18th 
October 1836, as seen at Dorpat, IMM. Struve and W. Preuss 
deduce the following general conclusions : — " The greyish seg- 
ment placed near the northern point of the horizon, which seemed 
lo serve as the base of the whole aurora, and which we perceiraJ 
for a long lime at Dorpat, is only the darkened colour of the 
sky and not a cloud. We have often observed this segment in 
very obscure nights and at considerable heights above the hmi- 
zon, and we have then constantly seen tlie stars without any 
sensible diminution of their light. Its obscurity is only the con- 
sequence of the contrast which exists between it and the lumi- 
nous arches which surround it. When the segment is in part di- 
vided and illuminated by the luminous arches, we must attribute 
this effect to the existence of the luminous matter in the parts of 
the sky which did not previously exhibit any brightness. S. It 
appears to us very probable that the distance of the aurora from 
the observer is not very considerable, at least when the aurora 
is vividly extended and intense ; and that the position of the 
light is in the clouds. We may even conjecture that the phcs 
nomenon of the polar light is partly to be attributed to the con. 
stitution of the atmosphere in the region of the clouds. Tbt 
reflection of the aurora on the whole surface of the ascensioiul 
cloud, 13 explained by the short distance between the earth and 
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the red light that is perceived; for the simuilaneous existence 
of the aurora borealis with the fonnatioo of tlie cloud, proves 
ibe great similarity of the white bands and the white veil to 
those of the same sort which present themselves without any au- 
fora, but which are much leas intense; so that, when we per- 
care (be white horizontal bands that have lasted a lung lime, wc 
believe, first of all, that they arc a white cloud formed by the 
debris of the first aurora borealis. 3. We are of opinion that 
the explanation of the aurora requires the observation of general 
terrestrial circumstances as well as of local conditions, espceially 
when the phenomenon is of great extent. 



4. T}i£ LartingUm-Hall Museum ofA'aUoal HUUn-y. — Du- 
ring the laat few years we have witnessed, with much satisfaction, 
tbe commencement of collect ions of natural history in many of our 
•mailer provincial towns ; and we now notice with pleasure the re- 
cent erection of a private museum at Lartington Hall in York- 
shire, the seat of Henry T. Maire Withani, Esq. F. R. S.E. 
The apartment in which Mr Witham's extensive collections have 
been placed is etjually remarkable for the elegance and good 
taste of its architectural design and decorations, and for its 
adaptation to the purposes of scientific arrangement and study. 
|Beadcs containing valuable mineralogical and concbological col- 
lections, the Lartington museum is particularly rich in fossil or- 
gamc remains, and we allude more especially to the fossil fishes 
t^ this and other countries, and to the splendid saurian animals 
from Whitby and Lyme Regis. The geological department 
includes a good general suite of mountain rocks, and extensive 
leries of specimens from Germany and Italy ; but it derives its 
chief interest from the local collections from many of the coun- 
ties of Scotland, which arc arranged geographically, and are the 
products of Mr Witham's personal activity and zeal during his 
numerous geological tours through the mainland and islands. 
We have to express the hope that Mr Witham's example in 
£>rming a museum, and his liberality in throwing it open to 
■trangers, will be speedily followed by many noblemen and gen- 
tlemen in other parts of the kingduni. 
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5. On the Increase of Temperature in the interior of the EartL 
'—M. AragD has lately cumtnunicnted to the Academy of Sciences 
the result of the thermometrical observations whicli he made on 
the first of May last in the well which ia now being sunk at the 
slaughter-house (Abattoir) of Grenelle. The boring has now 
reached the depth of 1312 English feet. The bed of chalk, 
in which they have for so long been engaged, is not yet tra- 
versed, but the numerous flints, which were unceasingly met 
with at lesser depths, have now disappeared. The city of Pans 
has determined that the boring shall continue to the depth of 
SS95 English feet, if the spouting water be not found sooner. 
It is presumed that the water which will issue from so great a 
depth will possess a temperature of between 93°2 and 95" Fahr., 
and, in that case, it might be employed for hot-baths, &c. But 
however this may be, we shall now adduce the thermomelri- 
cal observations which have been made at the depth of 1S12 
English feet. On the 29th of April, at 7 p. m,, four instruments 
were sent down, viz. two of M. Bunten's self-registering ther- 
mometers, one a diverscment thermometer which M. Magus of 
Borhn had recently sent to M. Dulong, and another of the some 
construction manufactured by M. Walferdin. The two first 
were contained in a copper tube, in which they were secure from 
the pressure of water ; the third was open at the top, but tn 
such a manner that the pressure could not alter its form ; and 
the fourth was enclosed in a glass tube, which was hermetically 
sealed. These four instruments, after having remained for about 
thirty-six hours in the well or bore, were removed from it on the 
first of May about 7 a. m. i they then indicated the following 
temperatures : — 

The first thennometrographe of M. Buten, . . 74°.3 

Tbe second, do. . . 74'.2I 

SI. IMogUB* thcrmomcteT, a divenement, . 74*.30 

M. Walftrdln's do. H'M 

Assuming, then, 74°.3 Falir. as the temperature at the depth of 
JS12 English feet, if you subtract from this number that of 
51°.08 Fahr., whicli indicates the mean temperature of the sut^ 
face of the earth at Paris, 23°.22 will remain for the increase 
of temperature, corresponding to 1312 English feet of depth, 
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or what comes lo the sanif thing, lo.S Fall, for 101.2 English 
ieci. if we take llie uise of the observatory as the starting 
point for the temperature where it is at SS^OG Fuh., SP.Si Fah. 
will then be given as the augmentation for \9S.%5 Euglish 
feet, which corresponds to 103.348 English feet for each centi- 
grade degree. 

6, EffecU of Clearing a Countrj/. — As new facts proving the 
influence of clearing a country, in lowering the temperature and 
diminishing the streams of water^ M. Deviite de Cliabnol com- 
municated tu the Academy of Sciences a notice, in which he 
established that, according to old charters of the 13th and 14th 
centuries, the slope of the hill of Saint Flour was at that time 
under vine cultivation ; he adds tliat now-a-days its cultivation 
no longer proceeds The chestnut, also, has now disappeared 
tiom many districts in which it formerly flourished. Hence 
numbers of villages which were situated near the summit of the 
nountaina have been abandoned, and many old springs have 
also dried up. 

7. Fossil Bones t^Sansan. — In Vol. xxii. p. 403 of this Jour- 
nal, we inserted a notice regarding the fossil bones of the tertiary 
formation of Simorre, Sansiin, &c. More recently a large col- 
lection of tlic organic remains of the Sanson deposit has been 
Bent to Paris by M, Lartet ; and, from the report made on the 
iubject to the Academy of Sciences by M. de Bldnville, we now 
extract the following summary of the animals hitherto found at 
ihts highly interesting locality. Class Mavtmalia— -Monkeys 
belonging to a group analogous to the Gibbons, but not identi- 
cal with the true Gibbons : of the insectivorous carnivora the 
genus Talpa; of the plantigrade carnivora the genus Ursus and 
another genus resembling it ; of the digitigrade carnivora the 
genera Felis, Viverra, and a new genus Amphicyon ; there is 
one fragment of a lower jaw which seems to indicate an animal 
of the Seal family ; of the terrestrial edenuta, a genus allied to 
the Orycteropus ; of the order Glires, the genera Myoxus and 
I^epus ; of the elephants the genus Mastodon ; of the laman- 
tines, the genus Dinotherium ; of the pachydermata, the genera 
Rhinoceros, Palicotherium, Equus, Sus, and Anoplotherium ; 
oTthe ruminantia, the genera Cervns and Antilope. Class Aves 
J— Two species of a genus not yet determined. Class ReptUia 
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— A species of Emys, and some s^K^cies of Coluber. Class Am- 
phibia—A speeies of ilie genus Rana. Of the MdUusca there 
have been found some planorbes, helices, and a bivalve, which 
bears a great resemblance to the Unio margaritifera of La- 
marck. 

8. Mud Volcanos. — In the proceedings of the Geological 
Society of France, it is mentioned that M. De Verneuil had 
visited the {x^ninsula of Caman, and the eastern portion of the 
Crimea where the small village of Kertsch is situated, a district 
covered by hills which owe their origin to muddy eruptions, 
generally accon)|)anii.xl by springs of naphtha and by springs of 
muddy water which evolve gas ; they have a height of from 200 
to 300 feet above the level of the plains. Their flanks are for 
the most part furrowed by deep crevices produced by the action 
of the waters of the atmosphere on substances having but little 
solidity. At the summit there occur small cavities, from an 
inch to three feet in depth, and having the form of craters, which 
are constantly bringing to the surface a small quantity of 
muddy water. Gas is frequently disengaged from this wa- 
ter ; and sometimes on the continuation of the hill there oc- 
cur springs of bitumen, which are so abundant, that M, de Ver- 
neuil has counted forty points whence naphtha was obtained in 
buckets like water. An eruption, which lasted six hours, had 
been preceded during three days by subterranean re]X)rts resem- 
bling discharges of artillery. Portions of black earth, which 
assumed a variety of lorn;s, were projected to a height of from 
five to six toises. A smoke, or rather a gas, having a bitumi- 
nous and sulphurous odour, was uninterruptedly emitted, and 
at intervals jets of flame were perceived. At the distance of a 
few toises, the earth seemed to move under the feet of the spec- 
tator. 

9. Morphohfry of Rocks. — Dr Jackson of Boston states in 
a letter read to the Geological StKriety of France, that the results 
of his observations on the chains of mountains and the direction 
of their disltK'alions, confirm perfectly the theory of M. Elie de 
Beaumont. He has noticed some very curious and beautiful exam- 
pics of a passage from new red sandstone to hornstonc porphyry 
and rib]x)n jasper. The same geologist is in possession of some 
interesting specimens confirming the conversion of magnesian 
limestone into true dolomite by the action of trap-rocks ; and 
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^P others of a mangancsiua crystalline limestone prucluut^'il by the 

■ same cause, aud in which the carlwnatc of mangant'xc has lom- 
P piclety n-placed the magnesia of the magnesian liniesioiif, u 

kind of isomorpbisnt which Dr J. had not previously swn. 
Near Boston, a tnine of anLhracitc belonging to the grey wacke 
formation is traversed by a trap dyke, which has changed the 
coal at the line of contact into a true graphite. 

10. Hfiffhl of Waves. — Mr Pentland writes to M. Arago, 
that in the latitude of Cape Horn, during the most violent tem- 
pests to which the Stag frigate was exposed, the waves never 
ruse to a greater height than twenty English feet abuvt the 
mean level of the sea. The greatest height of the waves above 
L the deck of the vessel waii eighteen English feet. 
B n. Gas of the Sacred Fires of Bakmt, near t/ie Caspian Sea. — 

^L Several abundant natural sources of combustible gas iire known, 
^H such as those of the Apennines, and the gas which supplies the 
^H gasometer of Fredonia (Slate of New York), in the neighltour- 
^^ liood of Lake Erie, But the most remarkable exiialutions of 
gas, both on account of the quantity of gas evolved, and the re-, 
putation which they enjoy among the nations of the East, arc, 
ffitboul doubt, those producing what arc called the sacred fipes 
of Bakou. No account has hitherto been given of the chemieal 
Dulure of this gas. M. Hess of Pctcrsburgh having received 

■ froro M. Lenz a certain C]uantity carefully preserved in lK>ttles. 
I analyzed it, and ascertaineil that it is composed of carburette<l 
^ hydrogen gas, mixed with a liltlo of the va]K>ur uf naphtha, and 
H thai 100 parts contain— Carbon, 77.5 ; Hydrogen, 22.5 = 100,0. 
^B The piresence of 24.6 of hydrogen in the 100 parts, would be 
^H necessary to make the mixture correspond with the formula 
^M C H* i there is, therefore, a small excess of carbon derived fnim 
^M a minute quantity of carbonic acid. M. Hess ascertaini-d thai 
^1 there is no admixture of oleliant gas, which is so much the more 
^v remarkable, because naphtha itself is liquid bicarburetled hydro- 
^H gen, and there is every reason to believe that oleliant gas cannot be 
^H transformed by heat into carburetted hydrogen. 

^H 13. Volcano of Aconcagua in Chili. — Mr Fentland has ad- 

^M tlressed a letter to M, Arago, dated the 8lh July 1837. in which 

^H be states, that according to several observations he had made, 

^H the northern peak of the mountain of Aconcagua, liic most ele- 
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vated point of the Cordillera of Chili, is placed V *!' to the 
east of Val|)araiso, and that its latitude is 32^ 38'. The angk 
of height of this peak, measured by the theodolite, is 1® 55' 68" ; 
fnmi which Mr Pentland deduces 7300 metres as the absolute 
height of Aconcagua above the level of the sea. The observa- 
tions of Captains Bccchey and Fitzroy, assigned a height of 
sixty metres less than the result now given. These determina- 
tions tend still farther to lower the rank formerly held by Chim- 
berazo. The following is a comparative view of three other 

heights with that of Aconcagua : — 

Himalavah, 7821 mfetreJi 

Ncvado do Sornta (Upper Peru), . . 7696 ... 

Aconcagua (Chili), 7300 ... 

Chimbcrazu (Peru), ..... 6530 ... 

MINEBALOGV. 

13. On Intermid'uUe Chemical Combinations whidi have noiyd 
been detected by chemists. — M. Biot has very lately read a paper, 
one of the objects of which is to prove, that, l)esides the definite 
and limited combinations l>etween bodies recognised by chemists, 
there are other intermediate combinations which they cannot de- 
tect, and whose existence is revealed by optical processes. It is 
thus that the continual and successive changes which polarized 
liglit sutlers in passing through a solution of tartaric acid in 
water indicate, at each addition of water, states of combination 
at present unknown to chemistry ; and further, it is thus that 
sulphuric acid and soda, of which only two degrees of combina- 
tion are admitted, very probably prrxluce a multitude of other 
intermediate con)binations. 

14. Tantalute g/'Irofi and ()f Manganese, ^^iA, Desplaces has 
discovercHl at (^harmasse, near Autun, some specimens of the 
tantalate of iron and of manganese. This mineral occurs in the 
quartz which contain beryls, garnet, &c. ; is found in small black 
masses ; has a metal loidal aspect ; and a fracture somewhat 
lamellar. 

15. Artificial Rubies, — M. Gaudin, as stated in the Coroptes 
Rendus, August 1837, has lately announced to the French Aca- 
demy of Sciences, that he has been able, by the following pro^ 
cess, to make rubies, having the characters of the precious ruby. 
In order to obtain these artificial rubies, M. Gaudin uses a pla- 
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tinum blowpi])e of a single piece, funned of two hollow concen- 
tric cylinders, communicating each by one of the extremities, the 
onewiUi a reservoir of hydrogen, the other with a reservoir of 
oxygeo ; while the two other extremiues are pierced with con- 
vergent openings, destined lo effect the mixture of the gases. It 
U well known that alumina is fusible with the oxygen and 
hydrogen blowpipe ; but no one befure M. Gaudin had eude&- 
voured tu melt this earth into globules several millimetres in 
size. Having submitted a jwrtion of potash alum to the action 
of his blowpipe, he obtained a perfectly round and limjiid globule. 
The platinum tube being perforated and melted at several places, 
be obtained, after the cooling, instead of a limpid spheroid, an 
opaque elongated globule, andeovcred internally with crystals 
liich may be referred to the rhombohedron or to ihe cube. 
Tfuse cryiials scratch rock-crystai, garnet, topaz, and spinel ; 
with regard to hardness, t/icre/brt.; they agree with the oriental 
ru6tf. They appear lo be composed solely of alumina, the pot- 
ash volati)izin;> at the high tenifwrature to which the alum is sub- 
mitted. — Having obtained an apparatus stronger than the one 
first used, he made an experiment with some anmioniacal alum 
mixed with from four to five thousandths of chromate of potash ; 
the whole being previously calcined, he gave it the form of a 
Bpberical cup, in order to obtain a maximum effect, by directing 
the flame to the concave part. In a few moments the inner 
surface of the cup was covered with globules of a beautiful 
rubv-red colour, faintly translucent, and some of which exhibited 
the form and cleavage of the ruby. M. Malaguti, who had oc- 
to analyse these globules, found them to be composed of 
lunety-seven parts alumina, one oxide of chrome, and two parts 
of silica and lime ; which composition is analogous to that of the 
ruby. 



16. Remarks on Dr fVigitts paper regarding tlie Tree uihich 
produces the Gamboge of Commerce^ at p. 109 of this Number 
were written in June last, with a view to their insertion in the 
(hen forthcoming Number of this Journal. I am glad that there 
has not been room for them in an earlier Number than the pre- 
eeni, because I have since received additional, and what seems 
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sathfactory inrormaiioii regarding ihe claim of Htbradendnm 
gambog'undes to be considered a native of Ceylcra. In a letter 
which I have from Mi's Walker, dutcd 1st and 2d May 1837, 
she mentions a tour she had made through different parts uf the 
island, and adds, " we found the Ceylon gambogi>-tree several 
times in forests distant from the habitation of man, which proves 
the tree to be indigenous." She afterwards adds, however, 
*' The tree does n<)l almund rauch." In my account of thi« 
tree, in the C'ompanion to the Botanical Magazine. I could only 
describe the male flower and the fruit, and I stated that Mn 
Walker''s account Bccmi?<l to shew that the plant was monceoout. 
I had no specimen of female blossom. I have now the satisfac- 
tion of ofidjng, that Mrs Wdker, in her last letter, assures xae 
rfie has ascertained the tree to be ditccious, that the inflom- 
c«nce of the female tree is similar to that of the male, the flowa 
white and a jitllc larger, and she has most kindly sent me a 
sketch of this, which presents a germen precisely in miniature 
of the fruit, and surrounded (like it) with several (ten ?) abor- 
tive stamens, which seem utiilcd at the hose. — Dr Graham. 

17. Discovery ^Carex Leporina, Linn., near the Summit g^ 
Loch-na-Gar — I received a Pew weeks ago from my friend Dr 
Murray of Aberdeen, a specimen of a carex gathered by Mr 
IHckie in August 1836, on rocks near the summit of Loch-na- 
Gar, towards the west side of the mountain, which appears, up- 
on careful examination, to he Carex leporina, Linn,, Willd., 
and Flor. Dan., C. lagopht/l, Wahl., and C. Lacftcnalii, Schkuhr, 
a species never before found in Britain. — Dr Greville has com- 
pared the Scotch plant with Lapland specimens in his herbarium, 
Bcnl to him by Fries, as well as by the Unio Itineraria, and he 
finds that it agrees with them in every respect. It is an alpine 
species, having some resemblance to C ovalis, Goodcn, but is 
only about one-half the size of that spedes, The following are 
the characters given by Wahlenbcrg: spiculis tribus basi ma^ 
culis, confertis, sul^lobosis, squamis capsula brevioribus, cu>- 
sulis Bubrotundis, acutis, obtase-marginatis, ore subintegris. The 
plant is frequent on the Alps of Lapland in cold moist situations. 
The culm is triquetrous and acute-angled, hut always smooth, 
the spikelcts, more especially the lower ones, are often somewhat 
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utilong, but lilt' capsules, when fullv ripe, become «»Ojx>n tliat the 
tpikeletsjliecome sul^lobose. The- scales ure small, shoricr than 
'the capsule and somewhat obtuse ; thi' capsules are acute, of a 
tawny or brownish colour, the margins being somewhat obtuse 
- and quite entire. The Carex Uporina, Huds., Leers, Lightf^ 
£hrh., \Vahl„ is merely a synonyme of C. ovalU, Gooden. — 
iMUr, dated 12(A December 1837, /rom Dr Bnlfour to the 
Editor, PrafeasoT Jameson. 

18. JUacquart and Hope's Experiments on the Colours of 
Plants. — Our readers are informed, in answer to a query, thai 
at pp. 429 and 430 of the twentietli volume of this Journal, 
will be found an abstract of the results of Dr Macquart's expe- 
riments, as given by himself, in his work entitled " Die Far- 
ben der Bldl/ien .-" and in our Iwenty-firsl volume, pp. 315, 316, 
and S17, a notice of Dr Hope's memoir, entitled "Observations 
and Experiments on the Coloured and Colourable Matters in 
the Leaves and Floieers of Plants, particularly in rejeratce 
to the principles upon -whieh Acid£ and Alkalies act in produc- 
wig Red, and YeUov) or Green.'" 

9. On the Floating Masses nf Fucus occurring near the 
tape Yerd Inlands. — M. Eunth lately presented to the Aca- 
^Aetay of Sciences of Paris, in the name of M. Meyen of Berlin, 
^a specimen of the Sargasswn nutans (Fucus natans, Linn.), 
brou^t from the celebrated Mar de Sargasso, near the Cape 
Verd Islands. M. Eunth remarked, that this individual, like 
all the others observed by M. Meyen in these latitudes, does 
not present the slightest trace of a jioint of attachment. It 
was therefore never attached to rocks or to any other supporting 
liody at any period of its growth, but must have been developed 
Aiatiog on the surface of the sea. The opinion generally 
adopted by voyagers, that these plants have been torn from 
original situations by the waves, and collected by currents 
■in the Mar de Saragossa, appears to M. Meyen to be inadmis- 
:^ble; and he is inchned to believe that they have been pro- 
educed at the place where ihcy are observed. The same nalu- 
lalist maiuliwna that such individuals formed at (he surface of 

e water never •xhibit fructificalion. 
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KOOLOCV. 

90. Ehrenberffs Discovery of Stomachs in the BacdOarhe. 
Meyen am) otbir well known naturalists refer the Baccillarifcto 
the vegetable kingdum, because no one had hitherto obsiTved 
them Id lake in any coloured Mibstanc«, like the other infu- 
soria. Ret-ently, however, Ehrenberg has succeeded in feeding 
various species belonging to the genera, Navictila, Gompko- 
nemo, Artkrodesmus, and Clo-Hcrium. Vesicular ventral sacs, 
nmitar to those of the other polygastricol infusoria, were de- 
tected. " I cbuld count," says that learned naturalist WJ^- 
mann, " with the greatest distinctness, from si\ to seven vvntnl 
sacs completely filled with blue colouring matter, in the clear 
middle part of a Navicula giacialis, exhibited by Ehrenberg- 
With this discovery, therefore, the most perfect proof lias been 
afforded of their coincidence with the Polygastrica, which, bow- 
ever, the peculiar gliding motion that was perceptible in tnaiiy 
of them had before sulTicicntly indicated; which motion cannot 
be compared with the lively motions of the spondes of AlgK. 
or with the motions of Oscillatoria. 

21. Eaperiments on the Plague. — Admiral Roussin writes 
to M. Arago: " You will doubtless hear of the heroic Dr 
Bulard, who ha^ studied the plague at Smyrna m the moft 
courageous manner. He slept in the same beds with the dis- 
eased, and wore their clothes while they were yet warm ; he also 
inoculatetl himself with the matter of the sores; and all this with 
impunity, although two criminals exposed to the same experi- 
ments died, the one in seven, and the other in five days. I tnust 
inform you, at the same time, that this daring observer is of 
opinion that the plague is almost always contagious by coiilact." 

22. iVkite Phosphorescent Trtut of Sea in t/te Persian Gdf. 
— William Newbam, Esq., read to tlie Royal Asiatic So- 
ciety of London an extract of a letter from a naval officer who 
sailed on board the sloop Clive, from Bombay to the Persian 
Gulf, in 18S2, detailing a curious appearance of the sea. In 
the month of August, about eight at night, while the ship was 
rapidly advancing with u high sea, they were suddenly surround- 
ed with water as white as milk. The colour near ihc ship was 
of a dead while. The water, when taken up in a bucket, did 
not dilfer from ordinary sea water. On agitating it, it became ' 
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pliospli orescent, but not more si) than usual. The vessel sailed 
about fifteen miles through this white sea, Colitiiel Brings re- 
marked upon this letter, that he had himself seen a similar phe- 
nomenon on board the Benares, la the year IBIO ; and he un> 
ilerslood that the appearance had been many times witnessed in 
these latitudes. 

NECROLOGY. 

as. Death ofDr Meredith Gairdner. — By a late arrival from 
North America, we deeply lament to learn the death of a highly 
accomplished and talented naturalist, Dr MereditFi Gairdner of 
this city, author of an excellent and well known work, entitled 

The Natural History, Origin, Comiwsition, and Medicinal Ef- 
fects of Mineral and Thermal Springs," and also of many valu- 
able contributions to the Philosophical Journals. Some time 
■go he left the Columbia River for the Sandwich Islands, trust, 
tog that the disease under which he was suffering might be al- 
leviated, or even entirely removed, by the genial climate of that 
delightful region. But his hopes were vain, he gradually sunk 
under the attack, and expired on the 26th of March last. His 
numerous manuscripts and collections have not yet reached this 
country. 



NEW PUBLICATION. 

Bitlory o/Brilith Qimdrupeik, indaiing the Cetncea. Bj Tromab Bill, 

Elsq. F.R.S. &c. One volumo octnvo, witb nunerouB pintcs. John 

Van Vootsi, liOndon. 

We are happy to announce the completion of this beauliful 

and valuable work. Like all the other volumes illustrative of 

die Zoology of Great Britain, in the course of publication by 

M. Van Voorst, it is distinguished by amplitude and accuracy 

dT detail, agreeable style, and sound views of zoologiciil science. 
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I. ToBoREHT .Smith, of Manchester, in the county of LsnrasUr, enginerr. 
Ibr an invention nf " certain iniprovcmenta in the means of connecting me- 
tallic plate* for the construction of boilers, and other purpoaes." — 2d October 
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% To Geoeoe Wbitmore, of Austin Friars, in the dty of Londoo, mer- 
chant and underwriter, in consequence of a communication from a foreigner 
residing abroad, for an invention of ^ a new method of combining, by means 
of machinery and adhesive compositions, all kinds of fibrous materials, such 
as cotton, silk, flax, hemp, tow, fur, wool, hair, &&, into manufactured arti- 
cles, which may be applied to the purposes for which paper, pasteboard, miU- 
board, papier mach^, parchment, vellum, leather, woven fabrics, felt, flooF* 
cloth, tarpaulin, and the skins of animals are used." — 6th October 1837. 

3. To Thomas Clahk, Doctor of Medicine, Professor of Chemistry in 
Marischal College, Aberdeen, for an invention of " improved apparatus to be 
used in manufacturing sulphuric acid.'*-<6th October 1837* 

4. To James Fotteb, of Manchester, in the county of Lancaster, for sn 
invention of *' certain improvements in spinning machinery.**.— 6th October 

1837. 

& To William Hearn, uf Southampton Street, Pentonville, in the parish 
of Saint James, Clerkenwcll, and county of ]^fiddlesex, engineer, and Wil- 
liam Davies, of Up])cr North Place, Gray's Inn Road, in the parish of Saint 
Fancras, and county of Middlesex, plumber, for an invention of *' a certain 
improvement, or certain improvements in the construction of boilers for tlie 
generation of steam and heating water, or other fluids.*' — 13th October 1837- 

6. To Jouy Chakter, of Earl Street, Dlackfriars, in the city of London, 
and of Upper Stamford Street, in the county of Surrey, Esq., and Jobv 
Orat, of Liverpool, in the county of Lancaster, engineer, for an invention of 
**' improvements in furnaces, and apparatus connected therewith, for locomo- 
tive endues, and for other purposes." — 18th October 1837> 

7. To Hexri Quentin Tenkeson, lale of Paris, in the kingdom of 
France, but now residing in Leicester Square, in the county of Middlesex, 
gentleman, in consequence of a communication from a foreigner residing 
abroad, for an invention of "• an improved construction of the portable vessels 
used for containing portable gas, and of the apparatus or machinery used for 
compressing such gas therein, and of apparatus or mechanism for regulating 
the issue or supply of gtis either from a portable vessel, or from a fixed pipe 
communicating with an ordinary gasometer." — 28th October 1837* 

8. To James Matley, of the city of Paris, in the kingdom of France, and 
of Manchester, in tlie county of I^ancaster, gentleman, for an invention of 
*' a machine called a tiering machine, upon a new principle, for supplying 
colour to, and to l>e used hy block printers, in the printing of cotton, linen, and 
woollen cloths, silks, paper, and other substances and articles to which bluck* 
])rinting is, or may be applied, without the aid or assistance of a person to 
tier upon." — 4th November MVAI. 

9. To Thomas Bell, uf South Shields, in the county of Durham, manu- 
facturing chemist, for an invention of *' improvements in the manufacture of 
sul])hate of soda, which improvements, or parts thereof, are applicable to other 
purposes." — 4th November 1837- 

10. To John Joseph Charles SuERiDAy, of Ironmonger Lane, in the 
city of London, chemist, for an invention of *^ certain improvements in the 
several processes of sacdiarinc, vinous, and acetous fermentation.** — 9th No- 
vember 1837. 
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U. To WiiLitM Aktiiur, of Glasgow, N. B,. mutljiiie-maker, for «n in- 

1 of " iinprovemcitta In xpinnlng hein|i, flue, and other fibruun fub- 

i."_-9th Norember 1S37. 

13. To Babon Henrv de Bode, mi^or-general in the RusKliui service, ot 

Bener Street, Oiford Street, in the county of Middlesex, for an invention 

' improvementii in appaiBtus for retanling nnd stopping chain, or other 

a or ropea on board Bhipi or vessels." — 30tli November 1837. 

13. To Bakkb Stahsfelii, of Leeds, in the countj of Vorb, merchnnt. 
K having imparted au invention " for the application to certain machinery 
r* tappet and lever action, to produce a vertical or horizontal raovemfenl, 

ftrouRh the medium of ropea or bands working over, under, or round imlliest 
a new arrnngetnent of oiechanism, for throwing certain wheels in 
md out of gear," communicated to him by Christian William Schonherr, of 
&lineeberg, in the kinf>dom of Saxony — 20ch Noveinlier IBS7. . 

14. ToFnEDEHicK BnxTZtHCKe, theyoun);eT, of Cronfurd Street, Mary 
^ in tfic county of Middlesex, Est), for an invention of "the preparing 

^ inaiiufacturingof the leaf of a certain plant, so as to produce a fibrous aub> 
ince, not hitherto used in manufactures, and It« application to various use- 
il purposes." — Slst November 1637. 

15. To Jons HAXaoH, of Hudder^field, in the county of York, leaden* 
1^ monu&cturer, and Charles Hansoa of the ume place, watcbmaker, for 

niDvention of " certain improvements in machinerj, or apparatus tor mo- 
[big or mauufacluring pipes, tubes, and various other articieu, from metallic 
IT other substances.'' — S3d NovemtK'r 1 037. 

II. To William Gtlhav, of Bclhnal Green, in the county "f Middlesex, 

gineer, for an invention of "an improvement or improvcmentB iu sleam. 

Qera and in engines, to be actuated by steam or other power."— SSd Novem. 

r 1837. 

17* To JoHH Gedsoe Bopheb, of nolton-le-Monrs, in the county of 
tMBOXder, dvil engineer, for on invention of " certain improvementa In ma> 
Anery fbr spinning and doubling cotton, wool, silk, flax, and other fibruua 
nateriahi."— 24th November 1«37. 

18. To RttaAan Burcb, of Heywood, in the county of Lancaster, engi- 
■ecr, for an invention of " certain Improvements in manufacturing gas from 
■bL"— 3(tb November IB37. 

\9. To MosEs PooLe, of the Patent Office, Lincoln's- Inn, hi the county 
f( Middlesex, gentleman, in consequence uf a communication made to him by 
K aeTl«in fbreigner residing abroad, Cir an invention of " improvements in 
looms fi>r weaving figured and ornamented fabrics.'' — 30th November 1837. 

Mk To Saiiioil D&apik, of Baaford, in the county of Nottingham, Uce-ma- 
ker, fi>T an invention of certain improvements for producing ornamental lace 
or weaviBfii."— 30th November 1837- 

I. To CBttisTOPHEH NicESLS. of Ouilfurd Street, Lambeth, in the 
nty of Surrey, gentleman, for an invention of "improvementj in emboag- 
ifalgar Impreating Uie surfaces of leather and other substances, njipllcable to 
various putpvset." — SUtb November IHST- 

S& To Joazru Lockett, of .Manchester, in the county of Lancaster, en- 
irarvr, iu conse<[U«ice of a cummunicatlun mode to him by a foreigner re- 
Ading abroad, for on invcDtton of >'cerlaiii impiovemcnls iu llic art ofpiint- 
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ing calicoes and other fabrici of cotton, silk, wool, paper, or linen, aepaxatelj 
or intemiixed.**»l8t December 1837. 

23. To William Wilkinsox, uf Lucas Street, in the parish of St Geor^ge 
in the East, in the county of Middlesex, engineer, for an invention of " a 
certain improvement or certain improvements in the mechanism, or machi- 
nery by which steam-power is applied to ^ve motion to ships or other float- 
ing vessels in or through water." — 4th December 1837. 

24. To Hemry Bluwdell, of Hall, in the county of York, paint and co- 
lour manufacturer, in consequence of a communication made to him by a cer- 
tain foreigner residing abroarl, for an invention of ^' an improved method of 
operating upon certain vegetable and animal substances, in the process of 
manufacturing candles therefrom, and the application of certain products re- 
sulting from this method to various useful purposes. **.^7th December 1837* 

25. T(« John Hall, of New Ratford, in the county of Nottingham, 
lace manufacturer, for an invention of " certain improvements in ma^ 
chinery, whereby cloth and other woven fabrics of various kinds may be ex- 
tended, or stretched and dried in an extended state."— 7th December 1837* 

26. To John Upton, of Horeley Down Lane, in the county of Surrey, en- 
gineer, for nn invention of ^* an improved method or methods of generating 
steam power, and applying the same to ploughing, harrowing, and other agri- 
cultural ])urposes, which method or methods is or arc also applicable to other 
purposes to which the iK)wer of steam is or may be applied." — 8th December 

1837. 

27- To William Herapath, of the City of Bristol, in tlie county of 
Somerset, philosophical chemist, and James Fletcher Cox of the same place, 
tanner, for an invention of ^' certain improvement or improvements in the 
process of tanning.** — Hth December 1837* 

28. To Joshua Taylor Beale, of Church I.Ane, Whitechapel, in the 
county of Middlesex, engineer, for an invention of "certain improvements 
in, and additions to his former invention, known by the title of a lamp appli- 
cable to the burning of substances not hitherto usually burned in such vessels 
or apparatuses, and secured to him by letters-patent, bearing date at West- 
minster the fourth day of January, in the fourth year of the reign of his late 
Majesty King William the Fourth."— 11th December 1837. 

29. To William Fothergill Cooke, of Breed's Place, Hastings, in the 
county of Sussex, Esq., and Charles Wheatstone, of Conduit Street, Hanover 
Square, in the county of Middlesex, Esq. for an invention of *^ improvements 
in giving signals and suunding^larnis at distant places by means of electric 
currents, transmitted through metallic circuits.** — 12th December 1837* 

30. To Jameh Leoxard Clemekt Thomas, of Covent Garden, in the 
county of Middlesex, Esq. in consequence of a communication from a foreigner 
residing abroail, for an invention of '* an improvement applicable to steam-en- 
gines and steam generators, having for its object economy of fuel.** — 20th De- 
cember 1837* 

31. To Thomas Jovcr, ul* Clcrkenwell New Road, in the county of Sur- 
rey, gardener, for an invention of '^ improved apparatu.^^ for heating churches, 
warehouses, shops, factories, liotliouscs, carrla<>es, and other places requiring 
artificial heat and improved t'liel, lu be used therewith.'* — ^20th December 
1837. 
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temarJ:t on the Scenery, Antiquities, Population, JgriciiUtiref I 
and Commerce of Central European Turkey. By Dr A. ' 
Boue'. Communicated by the Author in a Letter to the 1 
Editor. (Concluded from page 131.) 

Paht 2. — Papulation, Agriculhm, and Conmtrce. 

Thk Population of the Turkish Empire seems to be greater 
Hnan is generally supposed; but it is very difficult to obtain 
oorrect information concerning it, as the Turks only know the 
Dumber of those men who pay the Karatsch, and are apt to 
xegard any inquiries on the subject with anger or suspicion. 
In like manner, the Christians keep no register of their births 
deaths, and only know the number of Christian famihes in 
■ny town or village. Besides, the Turks dislike to appear so i 
Jfew among so many Christians, and these latter are inclined to \ 
Blake the number of the Turks appeat^as small as possible. 
In Turkey they always talk of the number of houses, but this I 
not give sufficient data for ascertaining how many families ( 
re are ; for very many persona have two or even three 1 
iscB in the same court or garden, one of which is generally j 
apart for the use of strangers. It therefore becomes neces- ] 
sary tn ascertain if each house contains a family, before we can I 
think of calculating at the rate of a certain number, say four | 
or five persons, for each house. 

VOL. XXIV. NO. XLVm, AFUIL 1838. B 



938 Dr Bou^ on the Population and Agriculture 

Notwithstanding these difficulties in fonning a correct end- 
mate of the population of Turkey, I am convinced that it is 
greater than t is stated to be by the latest writers on the sub- 
ect ; for I found many large and populous towns, and espe- 
c iaily many large villages, on spots which are marked as desert 
places in the maps. I am quite aware that Turkish towns 
must appear larger than European ones of the same popula- 
tion, as the houses are generally only one story in height ; but 
nevertheless I think we may estimate Salonichi at nearly 60,000 
inhabitants, IVIonastir at 40,000 or even 50,000, Nisha at more 
than 10,000, Uskubat at least 10,000, Istipat nearly the same 
number, Castoria at 8000, Kostendil at fully that number, 
Karatova at 7000 or 8000, Perlepe and Djumaa at 5000 or 
6000, Dubnitza and Ipek at 6000 or 7000, Komanova, Kal- 
kandel, and Eski Palanka at 8000 or 4000, Pristina at 6000 
or 7000, Gafadartzi at 52000 or 3000, Novibazar at 5000, &c. 

The population of Wallachia is said to he greater than has 
been generally supposed. In Ser\']a there are now at least 
900,000 inhabitants, in Montenegro 100,000, and in Bosnia 
probably above a million. Upper Albania is less populous 
than Macedonia or Rumelia : in this last-mentioned country 
we find great numbers of Asiatic Turks collected together at 
different places. In the rest of European Turkey true Turks 
are rare, and, when met witli, are generally foimd occuppng 
situations under government. Mahometans from among the 
Albanians or Bosnian Servians are more numerous, but still 
form only a very small proportion of the population of these 
countries. 

Most of the Christians belong to the Greek Church : the 
Roman Catholics, few in number, are scattered over Turkish 
Croatia, Herzegowina, and some parts of Albania. In the lat* 
ter country we saw a remarkable instance of a marriage between 
a Catholic woman and an Albanian Mahometan. The Greeks 
disapproved higlily of such a marriage, the more particularly 
so as they dislike the Catholics. The Servians, as well as the 
Bulgarians and Greeks, are much attached to their church, 
which is mainly to be attributed to the exertions and good 
character of the monks : indeed it is probable that, had it not 
been for them, the Christians would have become Mabometas» 
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as has happened ID Bosnia and some parts of Bulgaria. In the 
monitsteries the people always find that holiness which they 
consider a necessary attribute of the priestly ciiaracter ; but it 
is not to be suppo§ed that the ordinary Greek clergymen should 
exert any very salutary influence over their parishioners, from 
whom they are in no way distinguished, as they are allowed to 
Tiarry, and are too often found keeping iinis, or even working 
Jke common labourers. If they were properly remunerated, 
•Jike the Protestant clergynipn, they would prolwbly be much 
more useful for the diffusion of knowledge, especially as many 
of them are at present very ignorant. On the other hand, I 
nust say, in favour of the Greek clergy, that I nowhere found 
them hostile to instruction, as is the case with some of the 
Soman Catholic priests, particularly in the west of Europe. 
On the cmitrary, whenever they have aufiicient intelligence to 
comprehend the advantage of diffusing knowledge among the 
npeople, they zealously establish schools, Stc, where they have 
■Ae means of doing so. We found no bbraries anywhere : even 
^^le celebrated old one in the llilo Monastery had been de- 
atroyed when the monastery was burned, the monks having 
probably preferred saving other tilings than the books. 

The Wall achians also lielong to the Greek church, but seem 
•m many cases to be inclined to Catholicism. The like has 
■happened in Hungary, where whole villages, and even a bishop 
X Gnisswardein, are said to have joined the Catholic religion, 
being allowed to retain some particular parts of the Greek 
Vitual. It remains to be seen how far such proselytism may be 
icsrried on in Wallachia, The greatest anomaly in the Greek 
Uiurch in Turkey is to be found in Montenegro, where l)oth 
the priests and the monks are soldiers or ofKcers, and carry 
■ma. There is, however, a sufficient excuse for this, owing to 
ittte cruel way in which the war is always carried on in that 
Muntry between the Turks and Christians; as they are never 
«t peace with each other, and both parties are constantly rob- 
ftrag and murdering their enemies whenever a favourable op- 
:[tnity occurs. Besides, in Montenegro as in Albania, an 
ijury inflicted on one of a family is sure to be avenged by 
se whole of his relations. It is therefore not surprising that 
le Turks, wlio like to live quietly, should form a very had 
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opinion of the people of Montenegro ; althougli, at the some 
time, a Christian niigiit travel pleasantly and safely through 
the country, meeting every where with hospitable entertainmenL 
It sometimes also happens, in other parts of Turkey, that 
Turks, when obliged to travel alone through populous Chris* 
ttan countries, are exposed to ill-treatment, from which a Chrii- 
tian traveller would be exempted. 

Since the Sultan began liis reforms, many churches have been 
rebuilt in Turkey, jK-rmission to do so being generally pretty 
easily obtained on spots where churches formerly existed, al- 
thuugh it is seldom allowed to build them on new sites. In 
Servia they have even again put up their bells, excepting in 
Uschitze, where the Mahometans, being pretty numerous, would 
not allow it. Elsewhere bells are only allowed to be used in 
the monasteries : at Rilo thei'e are three pretty large ones. The 
Sultan must now continue his reforms, as any return to the 
former bad system of government would be most prejudidal; 
indeed since the emancipation of the Christians has been be- 
gun, it must be proceeded with, if he wishes to retain passes> 
sion of this fine country and population. 

It is very interesting to compare together the different inha- 
bitants of European Turkey, such as the Servians, the Bulga- 
rians, the Wallachians, the Greeks, and the Albanians. The 
Servians and I^ulgarians may be said to be nearly the same 
people, and ap]»ear to be more numerous than the Greeks ; al- 
though the latter extend beyond the kingdom of Greece into 
Thessaly, and even into Southern Macedonia, and are scattered 
in considerable numbers over all the maritime districts of Euro- 
pean and Asiatic Turkey. However, the greatest p,art of 
Macedonia may be said to be a Bulgarian-Servian country; 
and even the Bulgarians who live there seem to have more 
energy than their brethren on the Danube. Tlie Servians and 
Bulgarians dishke the Greeks, who in turn despise them : in- 
deed the Greeks live on far better terms with the Wallachians 
or even the Albanians. On the other hand, the Wallachians 
and Servians dislike one another, and the former consider the 
Bulgarians and Servians as their vassals ; because they say it 
was so during the Roman empire, and also because Servia con- 
tains no large towns like Wallachia, nor any nobility ; nor is 



I 



of Central European Turlcey. 241 

there die same wealth and luxury among the Boyards, many 
■^whom in Wallachia are very well informed, and have given 
tbeir sons a fashionable foreign education. It must, however, 
\sK remarked, that the Wallachian peasant is, like the Hunga- 
rian one, a mere serf; whilst the Servian peasant is a freeman 
with landed property. I may also add that, although the Scr- 
vians have removed by various emigrations into Hungary, the 
jBannat, and Syrmia, and even beyond FunJTtirchen, they still 
appear to entertain a national antipathy towards the natives of 
these countries, although living in the same kingdom, and under 
the same laws. 

The Turks subdued the Servians in 1389, and the Greeks 
in 1473 : the former began their struggle for freedom in 1804, 
and the latter in 1801. The Greeks, from the commencement 
of their war, received foreign assistance of all kinds, and they 
now have a foreign king, and are pretty deeply in debt ; whilst 
the Servians, who conducted their war almost entirely without 
Buistauce, and at their own expense, have a government of 
their own choosing, with very few of those foreigners, so nu- 
nteraus in Greece, who, in many instances, probably attend less 
to the interests of the country than to their own. It may be 
<addcd, that after a state of war, or at least of uncertainty, for 
nearly twenty-five years, the Servian government has a good 
deal of money in its treasury, and the country is in a quiet state, 
and entirely free from robbers. These dill'erences in the pre- 
jent condition of the two countries arise from various causes, 
S for instance, the different character of the inhabitants ; for 
the Servians are much less inclined to be turbulent, ore less vain, 
and come less in to contact with other nations. Besides, although 
(he Servians have had severe wars to sustain at different parts, 
.Greece, from being so much surrounded by the sea, would have 
%een exposed to greater danger if her seamen had not been 
auperior to the Turks. In Servia, also, there was fortunately 
only one single people, whilst the Greeks were mixed up with 
the Albanians and other tribes. 

The Servian war of independence had its origin in the Ser- 
rians being obliged to defend themselves against some rebels to 
Qie government of Constantinople : when once in arms, they 
Remained so until they had gained their point, the Turkish 
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government being forced by ihdr bravery, as well as by foreign 
influence, to grant their demands. 

The Servian is happy because he is free from Turkish exae- 
tions, and has little money to pay to his government; each 
married man being only obliged to contribute thirty francs 
annually- The whole amount of itiis tax, however, is not 
collected from each person ; but the chief magistrates of the 
districts, who are well acquainted with the different circum- 
stances of the {>eople, tax them more or less according to thdr 
property, until the average sum of thirty francs is made up- 
All this, as well as the paying in of the money to government, 
is effected almost without any of those expenses which would 
be incurred in other countries. Servia is divided into seventeen 
Isprabnikats, and each Isprnbnik or Burgomaster has two or 
four counsellors, a secretary with two or three assistants, and 
some young men who are commencing their studies in the civfl 
department. They have a kind of criminal code, but no civil 
or commercial one ; nor are there any laws applying to the 
forests ; nor have they as yet made any arrangements for the 
registration of mortgages. There are no advocates in Servia. 
Testaments are either written out, or sometimes merely verbal 
directions are given. They have no large prisons. At Bd- 
grade the merchants have formed a kind of corporation, which 
gives decisions in commercial cases. The number of military 
on service is extremely small ; but each person is obliged to 
serve in his turn. The army has three generals, two of whom 
are brothers of Prince Milosch ; and the third, Getieral Dani* 
lovitsch, has charge of the troops at present. There are five 
Po&covnike or colonels ; of whom three are commandants, or 
somewhat higher in rank. Under them are the superior cap- 
tains of the district, and, under these, the captains of tie 
parishes. Each colonel has from three to seven superior c^ 
tains under him. There are barracks at Belgrade, and also at 
Kragojevatz, where there is a military hospital under the direc- 
tion of medical men from Hungary and Servia. The whtde 
Servian force, when called out, may amount, it is said, to 
60,000 men ; and it would be easy for the government to as- 
semble some thousands at any spot in a few days. The police 
is strict : passports are demanded ; and the diSereat patuhM , 
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■re made liable for any robbery or other crime which may be 
committed within their bounds. 

The cUrgy are under a iiietrojtolite, Peter Johanowitsch, 
Archbishop of Semendria, and formerly one of the scL-retaries 
or mitUBters of Prince Miloach. Ue is now quite independent 
of the metropotite of the Hungarian Servians at Carlowitz, and 
ii only in a slight degree under the authority of the Patriarch 
of Constantinople. He is well paid by the government, and 
also possesses some private estates. Besides the Archbishop 
there are three Bishops, viz. at Timok, Schabatz, and Tschat" 
Khak ; and there are still twenty monasteries, containing 100 
taonks. 

The only gymnasium in Servia is at Kragojevatz, There 
•re sixteen sehools paid by government, besides which, some 
frw parishes have their own schools. A printing-office has 
been established at Belgrade, as also a type-manufactory: they 
print very well, and have already put into circulation many 
nieful books, the most of which are translations, together with 
flome new works, poems, &c. The only Servian newspaper is 
printed here; but the circulation of this is still prohibited in 
Hungary. The best national poet seems to be Milutinowitsch, 
who is now at Leipzig, engaged in printing two new works, 
and in collecting historical information. He is a native of Bos- 
nia, and has a pension from Prince Miloscli. The same reward 
was also conferred on Viik Stcphanowitach, now residing iu 
Vienna, who was the first that published a collection of the old 
poetical Servian songs. Last year he published at Stuttgart a 
small account of Montenegro, and he also supplied Ranke, of 
Berlin, with materials for his History of the Servian Wars and 
Revolution. 

Prince Milosch governs by means of a few secretaries and 
counsellors, some of whom are Hungarians. The name of his 
ibrcign secretary is Ivanovitsch. He has no court, and no mag- 
nificent houses, like those of European princes, but only good 
Xonoks, or stone-houses of one story, like those of his people. 
He has no sentinels stationed before his door ; but opposite the 
bouse, there is a small guard of ten soldiers for the protection 
of the treasury. He has two sons, Milan and Michael, of six- 
teen and twelve years of age, and two daughters, who are mar- 
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ried in Hungary. He lives in a very quiet way, and generally 
resides at Kragojcvatz ; but lie also has Konaks at Topschid, 
near Belgrade, at I'oscharevatz, and perhaps in other places. 
From time to time he assembles together the chief men of Uie 
state. The Prince himself, and also his officers and the troops, 
are clothed in the complete European dress ; but the captains 
still retain their beautiful red Turkish uniform. The govem- 
ment is of the least complicated and most economical kind, but 
at the same time perfectly effective. The money in use is 
Austrian as well as Turkish ; and we even find the Austrian 
paper-money in the large towns. 

The whole country is intersected by great roads, which are 
not at all macadamized, so that, although they are good ia 
summer and during dry weather, they become extremely bad 
in the winter. There are a great many small bridges, and at 
Keupri there is a pretty long one. But the country is greatly 
in want of engineers, of medical men, and particularly of good 
artisans, such as carpenters, joiners, locksmiths, and cartwrights. 
Situations have been formed for 9.5 superior medical men and 
64 surgeons ; but 6ome of them are still vacant owing to the 
want of proper men. New churches are being built every- , 
where ; and towns and villages are rebuilt in more healthy si- 
tuations. An ordinary new house for a peasant will cost him 
only 12 or 90 francs, besides his own labour, as lie gets the 
wood from Government, A potash manufactory has been esta- 
blished ; but glass, delftware, cloth, and beet-root sugar-manu- 
factories are atill awanting, and would probably turn out mort 
advantageous speculations, as the trade with the rest of Tur- 
key is free. It is curious, in the infancy of the arts, to observe 
tile few instruments of the carpenter, 6ic. Tlanks are squared 
with the axe in most places ; and there is only one saw-mill in 
the whole country : the use of the large double-handed saw is 
quite unknown. In these respects the Servians are very far 
behind the Bulgarians and Greeks ; as these last have not only 
large tanneries, bijt also manufactories of morocco leather, arti- 
cles of copper, cloth, cotton, cotton-stulTs, carpets, and shawls; 
as also fine establishments for dying thread as well as some 
kinds of cloth. I myself saw at Scharkoe nearly the whole 
population occupied in making beautiful carpets : the coloon 
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are bright, but someumes rather deficient in regularity, as they 
are worked in by the hand without the aid of proper instru- 
mentB or patterns. This work is chieHy done by girls, who sit 
on the ground after the Turkish fashion, the frame being 
placed vertically before them : their wages only amount to five 
francs per month. Could these carpets not come into competi- 
tioQ with others iu foreign markets ? 

The shawls are also worked by the hand. There are pretty 
large manufactories in Salonichi, Istip, Monastir, Sophia, and 
Eski Sagra ; and all the necessary articles for horses are made 
very good throughout the whole of Turkey. 

In AgricuUure the Bulgarians seem to be farther advanced 
than the Servians ; for the former have fine gardens, and cul- 
tivate more culinary plants than the latter, who are contented 
with maize, corn, kidney.beans, water-melons, and the common 
firuits. One chief branch of agriculture in Servia, and some 
parts of the country occupied by the Wallacliians, is the cul- 
tivation of plum-trees for making brandy, por this reason 
the villages in Servia often seem to be surrounded with forests 
of plum-trees. In Bulgaria, and especially in Macedonia, 
these trees are not cultivated ; because, the country being warm- 
er, vines are more plentiful. In Servia the occurrence of vast 
forests of oak and wild pear trees has given rise to the rearing 
of pigs on an extensive scale. These animals are constantly in 
the woods ; and the Servians export such numbers of them to 
J^ustria, that this trade forma their greatest revenue. The 
Austrian government could do them a great deal of harm by 
prohibiting it ; but in that case the price of pigs would rise 
greatly in Hungary and Austria, where pork is much used by 
the common people. In the other parts of Turkey pigs are 
occasionally seen, but never in such numbers; nor indeed could 
they alway be reared on the same extensive scale, owing to the 
want of large forests. 

The Bulgarians have a great talent for irrigation, and for 
this purpose they conduct the smallest streams of water from 
great distances : but they too often destroy the roads by using 
them aa channels for the water. They cultivate maize, corn, the 
. vine} cotton, plants fur dying and for making oils, a little rice, 
&C. The vineyards afford a good fiery red wine like that of 
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Cahors. The cultivation of the olive-tree is iHily to tbe ■ooth 
of Salonichi, and is chiefly in the hands of Greeks. 

They plough with u\en, which have their heads placed in 
two aqiiare pieces of wood- The hay is kept in the open air 
cither in large piles or on low trees, on the branches of wliich 
wooden frames are sometimes placed. Considering the activity 
of the Bulgarians, it is quite certain that if they were under a 
wiser administration, all the ground which could be cultivated 
iu Turkey would soon be covered with the most luxuriant 
crops. At present these are seldom met with ; as they occur 
only in some of the great valleys ; in other parts too many 
thistles are to be seen in the corn-fields. The hiring of men 
and women from the high lands for the labours of the liarvest 
is a general custom ; and in summer one meets large bauds 
of young women and men travelling about. The Bulgarians, 
like the Servians, do not seem to understand the proper ma- 
nagement of land by a rotation of crops ; and for this reawn 
fields sometimes remain uncultivated for years. Potatoes are 
unknown throughout the whole of Turkey with the exception 
of Montenegro, where they were introduced above twenty yean 
«nce by the late Valadika Peter Petrovich. The art of im- 
proving the quality of fruit-trees seems also to be very little 
known in Turkey, and scarcely any thing is known about the 
proper application of manures to the soil. Lastly, throughout 
the wbole of Turkey, no care whatever is taken of the forests; 
a circumstance which requires the serious attention of the Tur- 
kish government, particularly in*regard to the mining districts, 
as, from want of wood, owing to the present careless way of 
cutting down the trees, some of the mines may soon become 
useless. There is much more wood in northern than in soulhetn 
Turkey ; but even there people should not be allowed to commit 
such havoc in the finest oak-forests. The largest trees are 
burnt down below by travellers or shepherds merely for the 
sake of a fire ; and the trees afterwards fall upon the road or in 
the forest, or perhaps rest suspended on other trees, nobody 
paying any attention to them. Some trees remain half burnt, 
and occasionally parts of the forest catch fire from carelessness. 
No regulation is enforced as to the cutting of the trees. It is 
said that some regulations have been made in Servia to re- 
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ly these evils, but thej ore of little avail, as the custom has 
beet) fa long continued. In Southern Turkey many places are 
llresdy devoid of wood ; and, where the country is hilly, the 
irater carries away the vegetable earth, and there only remain 
Sere rocks and dry beds of streams, as in so many parts of 
'ranee, which, from like causes, present the same barren ap- 
pearance. The Servians and Bulgarians are accustomed, like 
Ae Italians, to take a siesta during the hottest time of the day ; 
but the climate almost renders it necessary, and they cannot 
therefore be called lazy : indeed, the soil is so rich that they do 

A require to work so hard as the Germans. 

The Commerce of Turkey is chiefly in the hands of the Ar- 
Btenians. Jews, Greeks, and Bulgarians. All the various mer- 
Ehants, with the exception of the Servian, have correspondents 

many of the commercial parts of Europe, and elsewhere ; 
but the Servian is less inclined to commerce than to agricul- 
ture ; and, if he does enter into trade, so soon as he has made 
• little money in foreign countries, he returns to Southern 
Hungary or Ser%'ia. The Armenians are worse than the Jews, 
hate the Greeks and Servians ; but the Turks reckon them 
t faithful servants. It is well known in what way the Ar- 
Btenian bankers in Constantinople dispose of the revenues of 
tiie state, and keep the Pashas in a. sort of dcjiendence, which 

most injurious to the interests of the state and tlie happiness 
af the people. If Sultan Mahmud succeed in effecting a change 

the financial part of his administration, he will have cut the 
^rdian knot, and will easily get the better of other difiicul- 

It is astonishing to see the high interest at which Armenians 
3nd Jews lend their money, by taking advantage of the misery 
^ the people, and their itiability to pay the exactions of the 
QTurks. The very men wiio sometimes urge the Pashas to levy 

extraordinary tax are those who derive most benetit from it ; 

d, from receiving in pledge the crops and other things, they 

ly with justice be called the leeches of Turkey. I conversed 
with one very rich Jew at Monaslir, who lold me tlial he lent 
to the merchants at 25 per cent, per annum, and to the 
Albanians at 25 per cent, per month ! He mentioned that he 
■eldom lost money, and was never robbed on the high way ; a 
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fact confirmed to me by the bankers in Vienna who trade with 
Turkey. This person was living in a small house, the walla of 
which were so bad that they could have been easily knocked 
down by a hammer, and yet his money-chest was perfectly se- 
cure. The trade of Turkey seems to be always in favour of 
this rich country. The chief exports are cotton, some silk and 
a great quantity of wool, leather or skins, oil of various kinds, 
and leeches.* For the home market they manufacture woollen 
and cotton cloth, silk and cotton stuiTs, carpets, shawls, and 
some coarse iron instruments, made at Egri Palanka, Vrana, 
and Somakov : at which latter place there is a manufactory of 
iron balls. They receive from foreign countries all their paper, 
earthenware and a small quantity of porcelain, glass, a great 
variety of iron articles even of the coarser kind, such as sickles, 
&c., a great quantity of dyed woollen, cotton and silk stuffs, 
watches, musical boxes, and various kinds of musical instruments. 
The Turkish trade seems to be chiefly enjoyed by the Aus- 
trians and English : French goods arc scarcely seen at a distance 
from the maritime districts ; but there the higher orders are for 
the most part supplied from France with articles for the toilette. 
I am surprised that no one has yet tried to export the best 
qualities of red wines, which seem admirably adapted to the 
English and northern taste. In the country a bottle of wine 
costs only two or three sous (French) ; and it has no taste of 
goat skins like the common Greek and Spanish wines. At 
Samos there is an excellent Aluscat wine, wliich costs only five 
sous per bottle at Salonichi. 

Although Turkey possesses no gold mines, yet mines of 
silver, lead, and iron are known and worked. Bosnia seems to 
be particularly rich in this respect, and I may give as ex- 
amples Szerbonik, Maidan, Brunzoni and Bosna Serai. But, 
in order to derive proper advantage from these resources, well 
educated miners should be appointed to each mine ; and some 
of the mines sliould be taken under the control of government, 

* The trade in leeches is already extended to Asia Minor; and at Semlin, 
vehicles are always ready to convey them onwards. The leeches from Bos- 
nia and Albania are sent to Trieste or Italy ; and the marshes in which thej 
are found are let at an annual rent. 
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proper encouragement being given to companies to woi 
Others. 

For tlie discovery of new mines, engineers sboultl be t 
pointed to examine the principal chains of mountains iti Tur^ 
key ; and the mines should be worked by paid miners, in 
order to allay the fears of the Christians ; wlio are afraid to 
give information about mines, in case the Turks should oblige 
them to work, and thus add a new burden to their oppressive 
load of taxes. 

I may now add a few remarks on the moral and sanitary 
Btate of the population. It is very remarkable, that, through- 
out the whole of Turkey, the traveller meets with scarcely any 
irs ; indeed, almost the only ones we saw were a very few 
poor Turkish women. There certainly are poor, for misfor- 
■tune and improvidence exist every where in a greater or less 
degree, but they are in much smaller numbers than in the rest 
of Europe ; as living is very cheap, and it is very easy to get 
■ufficient money for purchasing the necessaries of life: besides, 
this reason, the poor can be more easily assisted by their 
relations or by other people. In general the men are too proud 
to beg on the roads ; but, if forced by absolute necessity, they 
vould rather become Haiduhi or highway robbers, and ask 
money pistol in hand. At present there arc no robbers ex- 
tpting on the borders of the kingdom of Greece and of Mon- 
tenegro ; and even there a very few stations of gendarmes are 
auflicient to secure safe travelling for the merchants, indeed, if 
twelve or fifteen men are enough to protect twenty leagues of 
^ly country, one may safely say that the country is quite secure, 
^be soldiers at the stations do not even always demand a 
'JBackhish or pourboire ; but the payment of a few paras is not 
luch for a traveller when it secures his safety. One circum- 
Itance which struck mc forcibly was, that I nowhere saw peo- 
|de employed gleaning in the fields after the crops had been 
cut down. When one establishes his bivouac at a distance 
from a village, he occasionally commits the trifling theft, when 
tbe maize is nearly lipe, of taking a few ears of it to be roasted 
\t the fire ; great t|ua»titics of maize next the roads are also 
at by the horses in travelling along, as the fields have no ia> 
ikmires. 
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The whole population of Turkey exhibit a great deal d 
good sense, and the traveller is also surprised to find so few 
persons of coarse manners. Every thing is done without noise 
and speeches ; and ftie masters of the post-houses, too often un- 
polite in other countries, are here quite reedy to attend to their 
duty. The Greeks on the contrary talk a great deal more, 
and sometimes seem to be quarrelsome. 

The population is very healthy for various reasons : their 
mode of life is simple, and all weakly children die early for 
want of medical advice * there are scarcely any preserved in 
life by those artificial means which tend so much to increase 
the population in Europe, especially in large towns ; and be- 
sides, healthy children are much more likely to be the ofiBpring 
of healthy than of sickly parents. For the same reason we ob- 
serve so few insane people and persons who squint ; as both these 
aflections arise from weakness in the nervous system. The 
chief causes of insanity, love and religious fanaticism, have little 
influence in Turkey, owing to the mode of life. For like rea- 
sons, and owing to the absence of many of the factitious wants 
of Europe, cases of suicide and duels are hardly known : in* 
deed it appears, that the Servians who emigrate from their own 
country into Hungary, wisely retain their dislike to those two 
evils of modem society. Suicide, however, excites no very 
great sensation, a3 life is held cheap ; as for duels, the I'lirks 
think it no disgrace to avow their love of life, and refuse this 
mode of settling between right and wrong ; although our wisest 
legislators are still obliged in a certain degree to allow the 
practice in the present corrupt state of society. It is the gene* 
ral custom to marry pretty young. The goitre is a rare dis- 
ease, and there are few blind people, or when cases of blind- 
ness occur, they generally arise from accidental causes, ill 
treated diseases, or the frequent ravages of the smallpox. Vac^ 
cination is employed in Servia and some of the large towns of 
Turkey. There are few maimed or bandy-legged people. 

The number of cutaneous diseases seems to be small, and 
much less than in Asia Minor. With the exception of the 
Jews, the other inhabitants are, for their state of civilization, 
pretty cleanly ; but lice are more common than in the middle 
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of Europe % the fashion of shading nearly tlie whole head is a 
good one in ihis respect. Thechiefdisea&es are intermit lent and 
typhoid fevers, nervous affections, and inflammatory diseases 
to these the plague is to be added in the ftiaritime towns. 

As the Turks have more leisure and more factitious wants 
than their Christian f el tow-subjects, they are liable to lowness 
of spirits and hypochondriacal and other nervous affections, 
from which the Christians are quite exempted. On the other 
hand, the stoicism and good temper of the well-bred Turk, and 
his love for children, and all kinds of animals, are well known. 
He also possesses the noble quality of faithfully keeping hi. 
promise, and to such an extent is this relied on, that the most 
important tran^iactions are settled by merely shaking hands 
irilh each other ; a practice which has also been partly adopted 
by the Christians in smaller matters. I may add that the ge- 
neral ignorance of writing has induced the Turks to make use 
of a particular apparatus for calculating sums of money, &c. 
By means of small pieces of wood cut into various shapes, they 
transact their business as well as our best writers. In many 
of the inns, instead of a writing table, these pieces of wfxjd are 
to be seen hanging up at the I'orner of the innkeeper's room. 

In regard to the social life, in the interior of the country, at 
ft distance from the maritime towns, in which one finds, in a 
greater or less degree, European fashions and entertainments, 
each family is obliged to seek its chief pleasure in its own circle ; 
for entertainments are sehlom given, or only at certain fixed 
timcfl, or at marriages, &c. The men meet every day in coffee- 
houses and public places, and take a walk together : the ladies 
remain at home, visit each other, or occasionally walk toge- 
ther. For these reasons an unmarried European finds him- 
self too isolated, and has great difHculty in reconciling himself 
to the different mode of life, • 



from Dr BouiJ, there is an interestiug sketch of 
the Geolngj at Centrsl Europein Turke7, which irill appear in our nut 
Kvmber—EmT. 
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Onthe Causeoftlte Temperature of Hot and Thermal Springt i 
and onthe hearings of this subject, as connected with the ge- 
neral <jtU3tion regarding the Internal Temperature of tkt 
Earth. By Professor Gustav Bihchof of Bonn. Comrait 
nicated by the Author. (Concluded from p. 164.) 

Chap. XVIIf In tehat proportion to the height tdfove the lowest 

points of t/ie Earih'i surface is the deereiise of the Temperatiar 

of the Air and of the Soil? and is this Decrease the same at all 

parts of Ote Earth? 

There are various causes which influence the decrease of tem- 
perature with the height. Such are, 

Ist, The configurBtion of the earth's surface. 

Sdly, Local circumstances and climate. 

8dly, The seasons, 

4thly, The time of day. 

Let us examine these causes more closely. 

De Saussure* already remarked the more rapid decrease of 
the temperature on steep mountains, and Von Humboldt was 
led to the same conclusion, by comparing the [eni)»crature of 
the air on elevated plateaux, with that of the summits of moun- 
tains. He found, namely, that such plateaux, or narrow Tal* 
leys, were warmer than the steep declivities of mountains, or 
than such strataof air which, instead of being in immediate con- 
tact with projecting parts of the earth's surface, rested upon 
other strata of air. On the other hand, the decrease of tempe- 
rature from the level of the sea will be slower on extensive and 
gently rising chains of mountains, than on mountains having a 
steep ascent. As the lofty American chains of the PeruvUtn 
and Mexican Andes, to the height of St Golliard^ form one im- 
mense mass, and up to that height comprise a surface of 190 
square geographical miles, the decrease of temperature in the 
inhabited regions of the Andes is slow, but becomes suddenly 
more rapid where tlie less masiiive rocks rise 10,800 to 19,000 
feet in isolated cones upon their broad basis. Thus Von Hum- 
boldt found a decrease of temperature of 2° .25 in 996 feet, be- 
tween the level of the sea and the /ntiinn village of Ctdpi; 
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It the same decrease took place in every 618 feet, from Calpi 
the highest point on the chain of tlie Chimbora&o, or in the 
It 8292 feet. But taking the whole column of air of 18,07» 
!t together, the decrease of 2°. 25 took place in every 71 4 feet. 
Between the surface of the sea and Quito, Popayan S- Fe de Bo- 
and Mexico, which lie on that extensive plateau, we find 
lom their respective mean temperatures a diflerence of eleva- 
ioa of 96i to 1090 feet* for every degree of temperature. 
Idelerf shews, that the influence of plateaux and broad ridges 
the decrease of temperature iu the Himalaija mountainH is 
till more considerable. 

Besides these general effects of the configuration of the earth's 
urface which are independent of latitude, there are others 
'hich are closely connected with the geographical situation of 
be place. Thus, under the equator and in low latitudes, the 
efieration of heat must be greater on plains than on steep 
Uuntains, because the rays of the sun faQ almost or quite per- 
mdicularly upon the former, while with the latter they make 
I acute angle. In higher latitudes the contrary takes place on 
K sides of mountains which lie opposite to the sun. In the 
irthem temperate zone, there may, therefore, be a slower 
icrease of temperature on the southern declivity of a moun- 
itt than on the northern or on gently sloping hills. 
Climate and local circumstances, which have the effect of 
verisg the limits of perpetual snow, must, of course, also 
ive some influence on the decrease of temperature. For 
e nearer the limits of perennial snow are brought at any 
Ikce to the surface, the more rapid must be the decrease of 
iperalure in proportion to the height. In the middle of aa 
Aensive chain of mountains, the decrease of temperature must 
ssequently be more rapid than on both sides where the warm- 
air of the plains still operates-t 



Von Humboldt, in Gilbert's AnnaL xiiy^ S6-36 ; and iixi, 3G9. 

y Ideirr u»ber die Abnahnie de» WirmMtofFa iiiit der Hohe, p. 103. 

t AccgrdJng to De Sauuure (Yojages dan* lea Alpi^a, § 942), the timlo of 
>1 snoir are lowered more than 000 feel, bj uecumuUtions of snair, 

)fj wtter Tdulting from the melting of snow. In like manner, Ramond aa- 
that the limiu of perpetual snow, under tbe latitude of the Fjreneea, 
■ curve which deacenils from both enda of tbe chain to the middle, and 
I ia tberefore iU lowest point. T. Buch, Id GUb, Aan., xlL p. 18. 
U.XUT. MO. XLVlll. APRIL 1838. 



554 Prof. BJschof on the Temperature of 

In the same manner as glaciers and large accuDiultttiona of 
snow are enabled to lower the limits of perennial snow, so will 
they also have an influence on the decrease of temperature. 
From low valleys up to the glaciers, the decrease of tempera- 
lure must, therefore, be more rapid; and from thence to lh« 
highest points of the snow-capped mountains it must advance 
more slowly. What holds good with respect to the glacier, aU 
so obtains for narrow fissure-tike valleys in which perennial 
snow is also not unfreqnently found.* 

The decrease of temperature with the height cannot be the 
same at all seasons of the year, nor at all hours of the day, a» 
the daily and yearly variations of temperature decrease in pra- 
portion to the height, and, indeed, at a certain height entirdj 
disappear. Between this height and any point of the earth') 
surface, the temperature must consequently decrease more rv 
pidly at the time of the maximum yearly or daily temperatum, 
and more slowly at the time of their minimum. So that the 
greater the yearly and daily ditlcrences of temperature are, at 
a certain place, the greater will the variations in the decrease at 
temperature also be. But since, in general, the former Me 
greater the further we depart from the equator, the Utter mint 
increase projwrtionately. 

Between the tropics, where the thermometer only oeeUlatna. 
few degrees, as well on the sen-coast as on the elevated pUinl 
of the Andes, during the whole year, the yearly and daily fit 
riations in the decrease of temperature must be almost eqml 
to nothing. Thus, the greatest yearly difference of tempen* 
ture in the air at Cumana, 12 feet above the level of the sea, tt 
stated, by Don Faustin Rubio,t to be only 4M9 ; and at Hat- 
to, 89C9 feet above the sea, it is, according to Hall and Salasa.t 
between V.ll and 4°. 50. Now if, for example, a constant 
temperature should be found to prevail, at a height of I8,07!l 
feet on the Cliimbora::o, whtre Von Humboldt made his obser- 
vations ; whilst the yearly variations of temperature on the la* 
vel of the sea amounted to 4°. 19, this would only give a yearly 
difference of 58 feet in the adopted decrease of 2o.25 in ewrjj 



■ See WalUenberg tie Vi^I. et Clim. i 
t AnniL de CUini. el de Pb/t, I. xxil, 
part ii., vol. Ui., p. 133, in note. 
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S fret. But this difference would be smaller, if the tempe- 
■Tature should suffer osciUations also at the higher point of ob- 
f servatioD. 

The nearer the points of observation are to the sea, the less 
1 material isit at what hourof the day the observations are nmde ; 
I for the daily variations of temperature become smaller as we ap- 
I proach the sea-coast, and are the Icust considerable on ihe 
I open sea, especially between the tropics. Thus Humboldt ob- 
' served that the greatest daily diff"erentes of temperature, dur- 
ing his voyage from Europe to Ciimana, seldom exceetled 2'.70 
to 3o.60.* The same has been observed by Peron,"!- Horner 
and Langsdorf, * Lamarche, § and other travellers. [| The 
mall islands on the ocean have no influence upon this pbeno- 
Deuon. 
■* The effect of climate is, however, felt on land, even in the tor- 
I zone. Thus, differences of 8°. 55 loll^-SS were observed 
lietween the daily mean temperatures of Cumana and Caraccas, 
rom the 29th November 1799 to the 19tli January 1800.11 
touBsingault* " found a difference of temperature of 50.94 l>e- 
ween eight o'clock in the morning and noon, on the 9th Au- 
gust 1830, at Zupia, 3770 feet above the sea. Von Huniboldttt 
found the nights of Cumanacoa 3°.(>0 to 5°.40, and the days 
7».20 to ^0.0 cooler than in the port of Cumana ; and yet the 
diflerence of elevation Ijetween these two places i." only 15+8 
feet. On the plain of CocoUar, 2448 feet above the sea, the 
ibermometer sunk at night to 57''.20, after having been at 
7S'.60 in the day-time ; the temperature in the night was, 
therefore, 15''.75 lower than on the sea-coast. Jt 

In the temperate zones, where the yearly and daily varia- 
tions of temperature are so considerable, llie decrease of tem- 
perature with Ihe height must shew very considerable vana- 
tiotis also. The corresponding observations at Geneva, and on 



■ Vojtge, p»rl ii., p. 7<. + Pcron, Voy»ge, t. t., p. 33. 

; Knuenitem's Beise, voL iiL Appendix. 

I AiiDiL Ae Chim. et ile Plivs. voL v. 

n See Kamtz, Lehrbucli der Meteorologie, voL ii., p. 17. 
II Von Humboldfa ReJse, part IL, p. 491. 
" AonaL ile Chim. et de Plijs., vol. liiL, p. 229. 
tt Kdwi pert H., (.. 48. « Ibid. ^ -,S. 
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St Bertiltardy* give a. decrease of temperature of So.So in 5*6 
feet in July, and in 946 feet in December ; making a diffenma 
of 400 feet between the coldrst and ihe warmest nionth.f 

Equally large differences are found between different hours 
of the day. Thus, the following results were obtained from 
corresponding observations at the following places :— 



Col du Giant, Jnlj.t • \ 

Z^cb and Rigi Culoi, June.g . i 

GencTB. Zurich, and Faulhorn, from I 

llth September lo 5th Ortoberfg \ 

In heigbtl of 11100 tu 2100 feet between ' 

PopfiitiaTf, tbe Sitbrngii^rgt, and 

the Ho/uruuhl, I tound, on the SBlh 

Much uii the lit June 1833, b7 

corrMpoDiling observation!, made 

Byerj quarter of an hour of tbe day 

and nisbt, 

At Ibe time of the daily maKlmutn of 

tempemture, . . . , 

At the time of tbe minimum. 



1148 — 
607 — 
I24G — 



5 A. >. 

6 «.H. 
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* fiibllotbeque Unlverselle, t, x., p. 173 ; t. xlv., p. 10. 

i* Iq tbe spring, on the other hand, nben the snow is already melted in tbt 
low valleya of the Alps, but stiU coven the summits of tbe mountaini, Iht' 
difference of temperolure between the plains and tbe mnuntaina i« so gicatt: 
that a difference of 2°.25 may aometimea be reckoned upon, in a difference' 
height of CO to 160 feet. During the five daya which Von Humboldt u 
Gaj-Lussac spent, in the month of May, at the convent of Monl CttUi, liwf 
found tbe thermometer constantly S7°.0O to 33°.75 lower than at LmuluttKipJ 
although tbe difference of beigbt between these two places is hardly IMI 
feet. Gilbert's Annal., xjiiv. p. 32. Hug! found tbe temperature on llH 
WeiasiuUin higher than at Stjloihurn, in tbe winter of 1839-30. Kastnei'l 
Archiv filr Cbem. u. Meteorol., Iv. p. 130. On the 6tb Januai? 1833,1 
founds mean temperature, from observations made every half haur&Mf 
ninrije to luiuet, at PopptUdorf, + 33°.4e, and on Ihe PiUnbtrg, 833 IM 
higher, only + sa'.OS. Un tbe other hand, on the aath December ISMl 
I found, from similar corresponding observations at Poppeltdor/aai 
which only lies about 2S0 feet higher than Ihe former place, but aiz or 
ven leagues to the south.east of it, a mean of + 46'.36 for the former. ■ 
+ 33°.S7 for the latter place. 1 1 was just on thU day that a frost set 
with a south-east wind, and thus, the cold air descending into the deep 
of flurjiroW, suddenly produced tills great decrease oftemperati 
the two places. 

I De SnuiBure, Voyages dans lea Alpei, g 20$0. 
g Kkmte In Poggendorff*a Ann. iivil-, 34S- 
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At what height do the yearly and daily variations of tempe- 
rature cease ? During the above observations, the extent of 
the variations of temperature were. 

In ZOricli. . . 1S*73 

And at the «Rme lime on Higi Culm, 6".90 
Ag»in at Zflrich, . . 21-58 

And at llip same time at Geneva, 14'*92 
And on tbe Faulborn, , . S'.SO 

From this it indeed appears that the extent of the variations 
of temperature is already considerably diminished in a difierence 
of height of 4203 feet, between Zurich and Rigi Culm, and in 
i feet, between Zurich and the FaitUiorn; but we should 
■ be drawing our conclusions too hastily were we to infer that 
ithe point where the variations of temperature entirely disap- 
r cannot lie very high. The extent of these differences of 
mperature does not only depend on the height, but also on 
pther causes, as is proved by the great difference between Zfi- 
1 and Geneva, which places are both at the same height 
(ovc the level of the sea. Even on the summits of the high- 
t mountains in Sisilzcrlnnd variations of temperature are still 
Ebund. Thus, it sometimes rains on the top of Mont Blanc 
ing the hot summer months, and the snow sometimes begins 
o melt there. Zumstein* observed a temperature of + 51'',12, 
n the 1 2th August 1819, on Mont /fo«a, 13,920 feet above 
the sea. I'arrot-f- experienced an oppressive heat on the Lesa 
, on the southern side of the Rosa, at an elevation of 
10,576 feet above the sea. Between the tropics, the point 
where the variations of temperature cease, is probably not situa- 
ted so high as in the temperate zones ; because, on the level of 
the sea, the yeaily and daily differences of temperature are 
then confined within very narrow limits. However, Boussin- 
gaultt relates that, on the 26lh December 1831, a thermome- 
ter, suspended free in the shade of a rock on Chmbora!:o, at a 
height of 18,480 feet above the sea, and 3654 feet above the 
limits of perennial snow, the greatest height to which moun- 
bUDS have yet been ascended by men, and where the mean tem- 
perature of the air is probably + 23°.0, shewed -|- 460,04 ; and 

I* Gilbert'i AnnaL, vol. 63. p. 3H1. 
f Schwrigger*s Journ. six., 386. 
t FogS^ndartTi Ann. xiiir., p. 206, ud Edinburgh Hew PbUoaaphical 
Joumkl, vol. llf. p. OS. 
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that the snow was in such a state as to be about to melt. So 
far, then, it is certain that, at the highest poiots of our globe, 
there are still variations in the temperature of the air. Whe- 
ther this disappears at the height of 34,158 feet, as Von Uu- 
denau* sujtpuses, must remain a question. 

But tlie variations in the temperature of the soil disappear 
in accessible heights, even at a small depth beneath the surface. 
According to Boussingau It's observations (Chap. VIII), in the 
Cordilleras, the temperature of the soil is there constant even \ 
at a depth of one foot, on the level of the sea. As in higher 
latitudes the depth to which the intiuence of the external ten 
perature penetrates, is much greater than between the trofW 
(Chap. VIII.), the same must also be the case at all heights ai 
cessihle to man. 

According to the observations which I have been makiDgfiir 
a year past, in front of the chemical laboratory and on the top ■ 
of the Liiwenburg, situated 1173 feet higher, the yearly varift* 
tions of the temperature of the earth at the depth of four feet, 
amount, at the former place, to 19°-12, and at the latter to 
16°.6S. For reasons which will he given below, I think, that 
the yearly variations of temperature on tiic FaulAom, 8178 feet 
above the sea, and 6784 feet above the Lowenburg; are not lest 
conuderable at a depth of four feet. It is, however, to be ex> 
pected, that at the higher points of the Alps, where the e 
id covered with perpetual snow, the temperature of the soil at 
this depth below the surface is constant. 

Can the decrease of temperature with the height be comi' 
dered as an arithmetical progression in the strictest sense of the 
word ? 

Von Humboldt's observations, according to which, the differ* 
ence of height corresponding tu ^°.il5 difference of tempenttun 
is greater, the greater the difference of height between the f 
points of observation, seem indeed to indicate, that between 
the tropics the decrease of temperature becomes less and ]» 
rapid from the level of the sea nearly to the regions of p 
tual enow, And Humboldt-f- himself doubts whether this d 



' Monalliche CoireipondenE. : 
f Gilbert'! Aniul. xxiv. p. 4 



See Ideler, p. 103. 
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does follow an arithmetical progression. Sclimidt* has 
anived at the same conclusion from considerations of a djffer- 
enX. nature. Oliservations at eighteen points in South America, 
made exactly where Boussingault made the observations com- 
municated below, seem also to indicate a diminishing decrease 
of temperature.-f- But it is probnble that this apparently di- 
minishiug decrease of temperature is due to another cause. 
For, since observations by day give a more rapid, and by night 
ft slower decrease of temperature in the air, and consequently 
the mean between the two is the expression of the real decrease* 
shall obtain a more accurate result the greater the differ- 
ence of height between the points of observation is, where single 
observations only are made, from which the decrease of tempe- 
rature is to be calculated ; for, the daily variations of tempera- 
[,tun at the lower point will have the less influence on tlie dif- 
ference of height in which the temperature decreases 2° .25, the 
Lgre&ter the difference of height lietween the two points is. So 
that, if observations be made at different heights at tlie time of 
the daily maximum temperature, an apparently retarded decrease 
i of temperature will be found; and, if at the time of the mini- 
mum, it will be apparently accelerated. But by far the greater 
number of observations at different heights have certainly been 
made nearer to the daily maximum than to the daily minimum 
of temperature. We are, therefore, not justified by these ob- 
servations, in concluding on a diminishing decrease of tempera- 
ture from the surface of the sea to the greatest heights accessi- 
ble to man, namely to the limits of perennial snow. Gay-Lus- 
pac's observations during his aeronautical excursion are equally 
IDSuSicient to justify a contrary conclusion. § 



* Gilbert's Annsl. voL IxiL p. 309. 

f Ibid. voL liii. p. 300. 

iM^moiru d'Arcueil, iii. p. 680. Semannrio del Nuero regno deGrsooda. 

>1. i p. 273. ii. p. 93-341. See tdeler, p. 96. 

S Gilbert's Annal., xxir., p. 3S. and xxxi p. 32. Gbt-Lussbc himself re- 

uka, that his thermometers did not keep pace with the temperature. And 

iw could the thermometera be expected tu keep pace with the temperatura 
of the air, considering the velocit/ with which an aeronaut makes bis ascent? 
See alio the remarks of Humboldt in the >ame, p. 34, and of Gilbert, p. 3Si 
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The means of determining the decrease of temperature trvix 
the height, are : 

1st, Observations on the temperature of the air. 

Sd, Observations on the tennperature of springs ; and, 

3d, Direct observations on the temperature of the soil. 

The next question to he asked is, Whether the decrease of 
temperature in the air, and that of the soil, in proportion to 
the height, follow the same progression ? 

If, in general, according to Chap. VI, there is no reason for 
supposing a difference to exist between the mean temperature 
of the lur and tliat of the soil, this question is already answered 
In lliis case the determination of the mean temperature of the 
air or of the soil at various heights, would be sufficient to solve 
the problem. That between the tropics there is no diFerence 
between the mean temperature of the air and that of the soU, 
we have seen in Chap, VI. In the temperate zone so few 
observations Iiave been made, that the means of comparison are 
wanting. 

From all that has been said it follows, that between the tro- 
pica, the decrease of temperature in the air may be found with 
a tolerable degree of exactness, by single corresponding obser- 
vations, made at different heights. The most accurate results, 
however, are only to be got from the yearly mean. \oa Hum- 
boldt' takes the mean of all his observations between the tro- 
pics at 65i feet difference of height for 2°. 25 difference of tem- 
perature, for the stratum of air comprised between the surface 
of the sea and 3000 feet above it. As this philosopher mads 
most of his observations in the day-time, it may be assumed, 
as we have said above, that they have yielded a somewhat too 
rapid decrease of temperature. 

Let us compare this result with Boussingault's observadoiu 
on the decrease of the temperature of the soil in the CordiUerta, 
between 11' north and 5° south latitude. This philosopher 
ascertained the temperature of the soil at no less than 1 28 places^ 
at all heights between the surface of the sea and the limits of 
perennial snow, after the manner already described (Chap. VI}. 



*Reuen, li. p, 492. Formerlj' Ton Humboldt lupposed it to be 73Mlt 
OUbert'f Annal. xxir. 4S. 
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In order from these to calculate the decrease of temperature 
with the height, it was necessary to assume a fixed temperature 
at a certain height ; a supposition which, indeed, strictly speak- 
ing, does not actually exist. We might have taken for our 
lixed point, either the temperature at the level of the sea, or on 
the limits of perennial snow. To take the former as a terminus 
a quo did not seem convenient, as the mean temperature of the 
places on tlie level of the sea varies between 78° 8 and 83*30, 
which difference would give a difference in the decrease of tem- 
perature, from the surface of the sea to the limits of perennial 
Enow, of 71 feet in 2°.95. I, therefore, took 34''.92. given by 
Boussingault as the mean temperature on the limits of perpe- 
tual snow (14474 feet above the sea), as a constant value, and 
from it and the mean temperatures of the places below it, I cal- 
culated the difference of height corresponding to So.SS differ- 
ence of temperature. This gave the 3d column of numlwrs 
contained in the following table. The heights given by Bous- 
singault in metres are reduced to Fans feet, and the centesi- 
mal degrees to those of Fahrenheit. 



m 

III 



CnmaDa, 
La iiuajn. 
Hid HBcba, 
Santa Marta, 
BarBoqutlU, 
Cartbagccia, 
Panama, 
Tonwco, 
GuftjaiiuU, 

I^yta, 



SkiCuIm, 
Novita, ChocD, 



Cnyma, 
Eslanque. 
San Marl: 
Maracay, 
Haeuita, Cboco, 
yalencia, 

Barqulsimeto, 

La'vlit'oria, 
AUo Ac MombQ. 
Antioquia, 

TnixillD, 
Tampu de 

San Geronli 



Or- 
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NX nil or PUCH. 
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1 
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1 
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Z 


5„c 






X 


a 


Trusillo, 


3,56! 


74°97 


«B2 


Pan-plona, . 


7.113 


Bl.JO 


813 




VilleCta. 


2,582 


77.3 


638 


La Bau, 


7,343 


69.0 


703 




ChBmi. k la riviere, 


2,773 


72.60 


718 




7,480 


60.0 


«M 




Camccaa, 


3.BSI 


71.37 


732 


Ubita, Soccorro, 


7,495 


S1.7 


«ll 




Roldwulio, . 


ifiiB 


75.87 






7,673 


61-03 


fill 




CarlJigo, 


3,1113 


76.10 


642 


Sonson, Anlioqula, 


7,803 


67.20 


705 




Ruga, . 


3.U33 


75.87 


644 


PeliUo, 


7,831 


60.«7 






To™, . . 


3,044 


75.87 


643 


Ubale, 


7,886 


saao 


61* 




El Borfo, 


3,112 


74.75 


057 


SanUKosadeOaos, 


7,»38 


67.06 


«7« 




Lb HoTBria, 


3,133 


76J2 


633 


Chiqumquir^ 


7,994 


60.80 








3,140 


74.75 


655 


Paste, 


8,034 


68.66 






L« PUti, 


3,286 


74.76 


853 


CuencB, 


8,101 


60.18 


»96 




Anmnui Nuevo, 


3,3:12 


74.7S 


633 




8,107 


66.4(1 


731 


L 


S«ntft-Aii», . 


3,^57 


71.60 


706 


SanlaFedeBugota, 


8,129 


68.10 


644 


I 


Llano granile, 


3,34tl 


73.62 


666 


Purac^ . . 


8,160 


66.63 




■ 


El I'alo, 


3,420 


73.B5 


666 


Ambato, 


6,246 


61.02 


663 


1 


Carntlie, 


3,633 


70.25 


708 


Muechiw, 


8,314 


56.36 


«79 


■ 


JuHnambfl. 


3,«29 


71.15 


693 


Giuiranda, . 


8,378 


69.0 


W 


■ 


Yegs. dL- Zupia, 


3,771 


70.70 


691 


Santa Ros«, . 


8,446 


67J(7 


m 


I 


Sombrerillo, . 


3^12 


6!). 12 


716 


Sm Pablo, . 


8,532 


67 20 




■ 


Ihiftiib, 


4,073 


71.15 


G63 


Tunja, . 


8,649 


60.75 




w 


Hadenda del Rodeo, 


4,128 


68.0 


723 


Caiomarea, Poni, 


8,sva 


60,8 






Anna, 


4.3(io 


60.9 


688 


LatacuDRa, . 


8,806 


69.9 


(37 




Marmato, 


4,3sg 


68.67 


690 


Riobamba, 


S.H34 


61.47 


60J 




Mandii-a, 


4,332 


74.62 


090 


Quito, . 


8,982 


69.4S 






La Canada, 


4.069 


70 25 


644 


Tu«, . . 


9,069 


31.B 


ere 




L»OrqueU, . 


4,07!! 


60.66 


717 


Cbita, 


8,143 


63.80 


•77 




Htdellin, 


4,762 


6ano 


6G2 


fUGuavo.Riobumba, 


9,145 


61.8 






Merlda, 


4,0S3 


71-60 


COO 


Mucudlies, village. 


9.206 


67.87 






Cabullo, Veuta, 


6,03a 


66.67 


6U3 


Pucar^nearllMrra, 


9,319 


6S.66 






Rodeo. Zupia, 


s.aco 




670 


Tulcan, village, 


9,20t 


68.17 








0,297 


6,').75 


689 


Malvsiaa, Papa van, 


9,357 


64.27 


63 




Qutochk, 


5,487 


65.76 


670 


Tuquerea, village. 


9,603 


60. 






Ansenna Viejo, 


6,503 


63.50 


729 


Pinantura, farm. 


9,711 


62.02 








5,607 


03.95 


715 


Callo farm, . 


9,7*6 


&4.02 






Popajap, 


5,&e« 


63.50 


724 


Paramo de Herve, 


9,748 


60.46 






RioBucio, Zupia, 


6.596 


66.66 


648 


Vetos, village, 
Cumhol, village. 


9J»5 


49.10 


s 




Feroie de Orllicga, 


5,CSI 


66.42 


651 


9,908 


8I.M 




BanuoB, 


6,876 


62.15 


736 


Alto de SaUza, 


I0,64S 


47.30 






AxufralduQuindiQ, 


e,ofl5 


61.03 


749 


Lps Paramos, 


10,773 


47JO 






El CedriLo, Herv£. 


(!,l5U 


67.10 


601 


Lisco farm, 


10,923 


47.97 






SuMi. 


6,214 


0(1.0 


682 


Pantano Vargas, 


11,302 


46.86 






£1 Moral, QuiQditl, 


6,258 


64.40 


649 


Metairie d'Antisana, 


13.693 


38.87 


1.M 




Loxo, Peru, . 


6.433 




636 


AEul'ral de Juan, 


13,678 


38-97 


LIM 




Samenga. 
Agiiadaa. Antlaquia, 


6,467 

C,7«S 


63.50 
61-70 


663 

672 


Snow limit, . 


14,774 


34.93 


{S 




Zottra, Popayan, 


6,944 


60.S 


679 


GtaderorAntisana, 


I6,SD6 


28.89 






Almaguer, 


6,966 


62.S0 


fi.15 










■ 


Ibarra, . . 


7,006 


6.10a 


023 


Meao, 






678 


\ 


^ 






^^ 
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If we ]tx>k at the greatest differences in the third column of 
figures between places situated at a)>out the same height above 
the sea, we find that they exceed only three times the above- 
tnentioned difference of 71 feet. This justifies the conjec- 
ture that these differences are only due to the local influence 
of climate. At least on the sea coast no other cause can be 
imagined. The numbers of the third column shew neither an 
increase nor decrease up to the Alitairie dAntisana, It is true 
the highest number, 775 feet is found near the end, but the 
next, which is 757 feet, is found quite at the beginning of the 
series. The case is nearly the same with respect to the mini- 
mum, 618 feet. The two last numbers but one, 1000 and 
1151 feet, are, however, astonishingly high, and from this it 
would appear that the decrease of temperature becomes slower 
nesr the limits of perpetual snow. But the last number, 769, 
ia again about equal to the mean. The two last numbers but 
one, 687 and 758, were found from the differences between the 
highest and lowest mean temperatures on the level of the sea, 
and that of the limits of perennial snow. They shew the above- 
loentioned difference of 71 feet, which may be considered to a 
certain extent as the maximum effect of climate. 

The means of the four columns of results in the table being 
so nearly equal, proves that between the tropica, from the sur- 
face of tlie sea to the limits of perpetual snow, a constant de- 
crease of temperature takes place. However, MSlairie tTJnti- 
tana and Azufral de Juan must be excepted. 

The mean of all these results gives a difference of height of 
677 feet for 2°.25 difference of temperature, between the sur- 
face of the sea and the limits of perennial snow. 

This value only surpasses the mean, which Von Humboldt 
found from his observations on the decrease of temperature in 
the air, by 28 feet. It might, indeed, be conjectured that this 
excess was due to Humboldt's observations having been made 
in the day. and, therefore, gave a somewhat accelerated de- 
crease of temperature ; but, in general, no great weight can be 
attached to this difference, as the numerical elements which in- 
fluence observations of this sort are very various,* Their cor- 

*The diiFprences of height round from BouMinj^ult's obs^rvatloiu, for 
V.ib difference of temperalure, for example, would hiive been smnller, if the 
temperalure at Ihe limlli ot* perennial snow should be lower tbaa + 34°.9S. 
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responding bo nearly seems rather to lead to the concluson, 
that between the tropics the decrease «f temperature in the air 
and in the soil follow the same law of progression. 

For the reasons above giren, the decrease of temperature in 
the air in the temiicrate^zones can only be deduced from the 
known mean temperatures at different heights. Here, then, we 
are confined to the habitable regions. All that we as yet know 
of the decrease of the temperature of the air in the temperate 
zones is from the corresponding observations made during se- 
veral years at Geneva and on the St Bemkard. The mean 
of these observations gives a difference of 777.5 feet for every 
degree of Heaiimur, or 2=25 degrees of Fahrenheit. This re- 
sult exceeds the mean of Humboldt's observations by 123 feet, 
and that taken from Boussingault's by 100 feet ; but it is iu 
lower than the former uf these philosophers found for moun- 
tains having a very gradual ascent. But as St Bemtiordia^i 
leagues distant in a straight line from Genei'a, and the differ- 
ence of height between the two ])lBces is only C477 feet, it may 
be considered as being a ease of gradual ascent ;' and the tern- 
perature must decrease less rapidly than if the mountain had a 
steep precipitous ascent. To conclude that the decrease of 
temperature in the temperate zones is less rapid than between 
the tropics, would, therefore, certainly be premature. 

The first question to be decided is, whether, in the temper- 
ate zones, as between the tropics, the mean temperature of the 
soil and of the air are identical, in elevated situations, as wdl as 
on the level of the sea. If this be found to be the case, we may. 
instead of the tedious observations in the air, which at uninha- 
bitable heights are, indeed, quite impracticable, substitute ob- 
servations in the soil, which, although also combined with diffi- 
culties, are yet possible to be accomplished. But this question 
can be most easily answered by the observations at the Motias- 
tery of St Bemkard, where the mean temperature of the air is 
known, and where meteorological observations continue to be 
made. 

The simplest method of obtaining the temperature of the 
soil, as 1 have found, is, to dig a hole about four feet deep, and 
to snk a wooden case of the same depth into it, and then to fill 
up the surrounding space with earth or sand. The case should 
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be just so large as to admit a common wine botlle. The bottle, 
tilled with water, stands on a piece of board, which is half an 
inch smaller than the opening of the box. Over the bottle is 
placed another piece of wood, which ia held fast to the former 
by iron wires, and to the upper board is attached a wire, which 
is long enough for the observer to be able to reach it with his 
hand. The space above the bottle ia filled with a bad con- 
ductor, for instance with tow, and the bos is covered over with 
a board, upon which some stones are placed to prevent the en- 
trance of the rain water, and the whole is eovtred with moss to 
preserve it from unauthorized observers. After the lapse of four 
weeks the first observation may be made; for in that lime the 
disturbances, caused in the therm omctrical relations bv making 
the hole, will have entirely subsided. However, it cannot be 
otherwise than advantageous to allow a longer time for the re- 
storation of the equilibrium before the first observation. As at 
the depth of four feet the temperature continues to rise uninter- 
ruptedly from the minimum to the maximum, and to full from 
the latter to the former, monthly observations are quite suffi- 
cient to give the yearly mean temperature. Indeed, there can 
be DO doubt that 12 observations made in this manner will give 
a more exact mean than observations made three times a-day in 
the air, without being made also during the night. 

I have found that, even where there is a difference of tempera- 
ture of 22o,50 between the atmosphere and the water in the 
bottle, the temperature of the air has no influence on that of 
the water, during the 6rst two minutes. But two minutes are 
quite fiufiicient for a sensitive thermometer to assume the tem- 
perature of the water,* v 

Id this manner I have observed the temperature of the soil, 
unce the S8th February 1335, in front of the chemical labora- 
tory near Botm and on the Loicenburg, which rises with a 
iteep ascent from the Rhine to a height of 1173 feet above the 
other point of observation. The results of the first year of my 
observations are as follows : — 
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w™. 


I8S& F*t>ru>i7SfL 


*TM 


39'- 76 


2\36 


AprU 9. 


44.60 


41.0 


3.00 


M»T irt 


48.87 


43.8 


8.07 




U .40 


47 i»7 




JuIt I'J: 


sa .53 


60.0 


ii.M 


Aup.«t 8. 


89 SS 


32 -W 


s.ao 


Aufpm 30.- 


59.0 


64 .(15 


*M 


October 21 


G3.C0 


00.22 


9.38 


Novraiber 9. 


4S.6S 


47-80 


».ja 




43 .25 


42.36 


0.90 


t83ff. January 13. 


40 .10 


40.10 


0.0 


February 14. 
Mean, 


41 .0 


38.41 


3.60 


49.44 


48.37 


3. 87 



We see that the maxima and minima do not happen at the 
same time ; but that they take place later od the more elevated 
^Kit, and that as the decrease of temperature varies according 
to the seasons, so does also the decrease of temperature in the 
•dl vary. The mean difference of temperature between Bonn 
and thcioif CTifiwrg gives a mean decrease of temperature of i°.3S 
io every 683 feet between the two places. This number is so 
nearly the same as the mean uf Boussingault's observations, that 
we may certainly be allowed to consider the decreaseof tem- 
perature with tile height, between the tropics and in 51" N.Lat, 
as identical, at least to the height of 1173 feet. 

In these observations another circumstance musi be taken in- 
to consideration, namely, whether each two points of observa- 
tion, at different heights, must lie in the same position with re- 
spect to the sun ; that is to say, whether they must botli lis in 
th^ shade, or be exposed to the sun ; or has this no influence on 
the yearly mean ? The point of observation in front of my 
laboratory lies during the whole year io the shade ; that on the 
Loteenbitrg is in a little hollow on the top of the mountain, 



ber by my jnumey Io tbe Alps, ancl afterwards by indjiposilloii. The otMcr- 
rations on the 3oih Augiml *cte made by an ob««r»er who»e accuracy may 
be depended on. However, thUgiip can \i3vit no perceptible influence. Nei- 
ther caa it have be«n prejudicial tn tlic accuracy orUie mults, that (he ob- 
MTVationi were not alwaya made on ibe Mine day uf the raoalh, which vu 
rendered impostible by my other dutiea and by uafavourable weather. The 
rtjnot of lbc*e observaliona wu nut m much to aicertam with tiii* utmprt 
auctitude the mean temperature of the pbces, u la leam the idoui ititttu- 
"*"' or temperature between two places situated at different hei^ta. 
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although it is sheltered f 
Biys by the surrounding bushes, is yet very miicli more i 
jHMed to its influence than the former spot. The place n 
am making the observation, mentioned in Chap. VIII,, for i 
certaining the depth to which the influence of the external U 
p^niture is ftit, i» exposed to the sun during almost the win 
year ; if, then, the position of a place with respect to the t 
has any influence on the yearly mean, it would shew itself m 
distinctly between this spot and that in front of the laborato 
The observations which I made at the same time at tl 
two spots, extended from October 1835 to February 181 
From this time till April they were unavoidably interrupte 
In order to sink the shaft deeper, but after April they ^ 
continued. The slight difference of two feet below the 
cannot have any considerable influence on the results. 
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lias. October 20. 


63M)2 


64'.72 


—O'.B 


November 4. 


61 .3.i 


51 .01 


+0,34 


20. 


4S.8S 


44.60 


+1.36 


December 2. 


46.85 


44.112 


+2.03 


... 21. 


43.25 


42.06 


+ 1 .20 


183& JnnuBry 13. 


40.10 


38.76 


+ 1 .35 


Februuy 14. 


41.00 


3U.S<t 


+2.14 


April 12. 


44.15 


43 .81 


+0.34 


Mrt lt>. 


48 .2» 


48.20 





23. 


49.77 


60-67 


—0.9 


30. 


49 .1)9 


61 .67 


— 1 .68 


June 6. 


60.90 


63. U 


—1.24 


13. 


62.14 


53.38 


— 1.24 


20. 


64.05 


66.40 


_l ,35 


27. 


54.05 


66 .7s 


—1 .« 


July 4- 


M,07 


6B.21 


—2.14 


11. 


66. 87 


60.12 


_3.15 


If!. 


57 .US 


01.02 


-3.37 



The difference, therefore, at the end of October and in the 
middle of May is 0; but from the end of October till the 
middle of May, the temperature of the place in the shade ia 
constantly higiier than tliat of tlie place exposed to the sun ; 
and from May till October it is constantly lower. Whether 
the yearly mean temperatuit! of the two places is the same, or 
whether, as we should )>e inclined to conclude from the above 
obatrvatiouH, the mean of the place exposed to the sun is higher 
than the other, must be decided by a series of uninterrupted 
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rvadons. At any rate, the diRerence does not seem to be 
great, and it will, therefore, be of little cunsequence, if, in 
making observatians on the temperature of the soil at various 
heights, the position of the places of observation with regard 
to the sun be entirely tlisregarded. However, should the loca- 
liliea permit, it would always be advantageous at each station 
to choose two spots for obser\'ation, the one in the shade, the 
other exposed to the rays uf the sun. 

I am continuing my observations on the Lawenburg, but 
confine myself to the seasons in which the maximum, minimum, 
and medium take place. 
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51 .46 
60.00 


CMS 
6.63 
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Comparing these observations with those made at the same 
season in 183.5, we find, ^sUy, that in June 1836, the tem- 
perature was considerably behind that of 1835, which was a 
consequence of the cold winter and spring; Zdly, that in Jiily 
1836, the temperature already exceeded that of July 1835, 
which must be attributed to the month of June having been 
exceedingly warm ; 3(//^, that in 1835, the greatest difference of 
temperature between the upper and lower station look place in 
June, whilst in 1836, it did not happen till July ; and that, in 
the latter case, it was 0°.9 lower than in the former ; and, 4M^, 
that the differences of tenii>erature between b and c were much 
greater than between a and c. 

In order, in like manner, to discover the decrease of 
temperature in the soil to still greater heights in our lati- 
tudes, I arranged, on the SOtb August 1835, a similnr ap- 
paratus on the Faulhorn, which rises to a height of 8178 
feet, and the spot I selected was on the south side of the ino ; 
and on the following day I found the temperature of the 
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I water in the bottle to be 36<>.51. However, no weight can be 
attached to this observation, as within twenty-four hours the 
disturbances caused in the temperature by digging the hole, 
could not yet have subsideil. On the 93.A September the bro- 
ther of Mr Ziegler of Grindehcald observed a temperature of 
S7'-69. More reliance may be placet! on this observation, 
which was made twenty-three days after the burying of the bottle. 
As we find by interpolation, that the temperature of the soil on 
the 22d September was, on the Lonenburg, 6'^, 79, and at Bonn 
^MQt higher than themean, the mean temperature on the/'flu?/(orn 
must be bet ween -f ^°.84and +30''.45,supposingitstemperature 
to follow the same progression as at those two places.* But 
these values depend on suppositions which arc still to be proved- 
I> therefore, i-eqiiest all natural pliilosophers and other travel- 
lers accustomed to such observations, wiio may happen to visit 
the FatUkorji, so celebrated for the grandeur of its scenery, to 
devote a few minutes to a similar observation, and to have the 
goodness to communicate to me the result. For tliis purpose 
I have committed a thermometer to the care of the innkeeper 
on the Faui/tarn, ilans Bohren, of which the observer may 
make use. The landlord will have the kindness to direct the 
observers to the spot where the box is buried, and will draw 
out the bottle. Those who ascend the Faulhom and GriitdeU 
wold, as is usually done, may make further inquiries of the pas- 
tor, Mr Ziegler, who, an I have before said, is making similar 
ohservations in his neighlMurhood. Of course it is not to be 
iioped that observations will be made in every month of the 
year, as the innkeeper himself quits the Faulhom at the end of 
October, and does not return there till May, and as, in general, 
during the winter months, it is almost if not quite impossible 
to ascend this mountain. But even if we only obtain observa- 
tions ill the summer months, we may still hope to succeed in 
'deducing from them the probable scale of the yearly variations 
of temperature, and from this to obtain the yearly mean tem- 



■ tt Ib, honerer, protiable tint the maximum on the Faulhorn happ«iu 
later Ihnn at tlioK two pUces, which are situated so mui'h iDoer, and, in tUa 
'me, the mean temperature would there fall still further below 32°. The 
flalculatinns which Tollow below, and thai which we loam from Heer f Frttbel 
nnd Heer Iwo dlato, p. 3S2] on the duration of the warm season in ihe vul- 
aui r^ons of the Alps, speak in ftvouroflhU coiyecture. 
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pefBture with moR exactaesK, tltsa bvai tbat daf^ olMenn- 
Ixn. It is to be expected that the veaiiT ruutioas a£ the 
temperature of tbe «od oo this moantaia, ibe height of whkb 
is equaJ to that of the hmits of penimisi snow in tbe AlpSr an 
endoBed vitfain narrower bounda than in tbe valleys. Tbe 
tempenture at the depth of fixir feet, will no doubt, at this 
bright, fall in winter below SK". If, therrfore, the water in 
tbe bottle sbould have trtixea during last winter aiwl broken 
the bottle, it would be a sign that the tetnperattire bad real); 
flunk cuoBderablj below SS«. Besides the tbr«e poinCs when 
Mr Zie^tr has obaerved tbe tcnperature of tbe soil since Sep- 
tonber 18S5<Ch«p. XVIL p. X6a), be cho» two otherv in Apdl 
1886 tar the same object. Tbe one is near tbe bridge ^^^M 
MMbadk, on tbe usual road la ibe Gnat StMdetkt ^^^| 
quarter of a league from the parsonage-bouse ; tbe '*tli'''^|^^| 
the behest winter habitation in the whole valley, about hdf a 
league further upt The fona» may be about equally diklanC 
fram the extremities of the two glaciers ; the latter is situated 
somewhat nearer to the upj>er glacier. Their heights Ml 
Ziegler estimates at about 300 and 700 feet above the cburd 
Bt Grindiiwald, but he will radcaTour to ascertain it by baio- 
inetrical measurements. So that we shall within a year receive 
B series of observations from the environs of Gr'mdtbcald, which 
will sufficiently explain to us the extraordinary ttiermomelrical 
relations of that neighbourhood. If we also succewl io obtain- 
ing an approximative value for the mean temperature on tlie 
Faulkom, we shall know the decrease of temperature frotn 
Grmdelwald, 3237 feet* above the sea, to the summit of this 
Steep mountain, which reaches the limits of perpetual snow.-}- 



* According to Miciinelui 336S feet- Friibel unU Hecr, loco fit. 262. 

"t But even these obaerrationB will Dot be tufticienl to lend to an/ eenenl 
eoncluaiona whi,:h would obtain nt least for the temperate nones. 'iTie ile« 
•Irei] end cnn only be ittjuned bj ubaerruig in variaui latitudes and uttdcr 
quite different climatic and local circumitancea. 1 have reuson In buw thai 
pWrvBlfuns on the decrease of temperalure in the soil »riH be untlertalreii at 
other (ibccs in the Alps, in variuua mouotainouB dktrltU ar Germmt^ in 
Sweden, and even in the Carpailiuia niountains. At Bome pluces the* ar* 
alivadv in progress, ObaervHtiona in the Carpathian i>iountgiu» *)U perhiu 
decide the qiiertlun, tiheihei- the decrease of temperature ia there less rapS, 
ai no per|:etiwl snow !■ found on tliem, althou(^ tbeir bei^t is such tilal It 
night be eiiietied to be found there. Blill more tnleresliiig would be (■tarr- 
Tallona on the riiaalaga mountains, where the height of the limlti of p*r«- 
titl Bnov preient «o great an anoinal;: V. Humboldt aupjHMes It M the 
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Before we arrive at this kiiowletlge, it may be ascertained 
vhether probably correct results will be obtained, if we sup. 
,pose the mean decrease of temperature in the soil, found from 
Boussingault'a observations between t!ie tropics up to the snowy 
^gions, and whicli so nearly coincides with the result of my 
observations up to the height of 1173 feet, to be the same for 
she whole height up to the snowy regions on the Alps in onr 
latitudes. In the following table I have calculated the height, 
jtt which the mean temperature will be 32°, from the known 
mean temperatures of several elevated spots, for the most part 
ia the vicinity of the Alps, always supposing &°.S5 difference 
of temperature to correspond to 677 feet difference of tieight. 



FeGenb 



rnber^ above 
Hunirh,' 

Zilrich,' 
Bern," . 
StGolhaii],' . 

Bl Bernliard,^ . 



is 10 
J7 47 

47 33 



46.38 
4S.34 

42.^4 

ta.is 



'. \ \ ^ '. °, Knmtz, Lehrb, d. Meteorol. il. p. U8. 

• S«eChap. VI. 

' Knatner'n Archjv, it. 144. 

> See Cbai>. XIX. 



Witli the exception of the Lozccntitrg (which lies 3° to 6^ 
iurtber to the north than the rest of the places) and St Bern- 



northeni ride of the thain id rise to a height of 15,300 feet. However, 1 hope 

pnv* further on, that the lav of the decrraae of temperature in tjie Ei>il 

lit not neceiuril^ dislurbcd \iy diflcrciiceii in the height of tbu Jiuiit»orperea> 

„ .. making maximum and minimum tbermometert 

Vfaicb ihatl nut be subject to the Bi^cidents of the usual onei. Should tliia 
1, and tbe eTtperfmenlH yield favoumhle results, Ibese tbtrmomelera 
■Mild cdD'iderably fiicilila.Le ubaervations in uninliabited hei|{ht4 and such ai 
tit difBcult uf access. I^ for example, thc^y were to be buried four feet deep 
~ left ftar a whole ^eur, the jearl^ maximum and minimum would be tuflt- 
ifent to find the mean with the required exactneae. lu thia manner it wuuU 
4*eB be poulble to ascertain tlie mean teniperature im the tiiji ol'-Mont Blanc, 
hf burning BiBximum and minimum thennoiuetere deep in the perpetual 

t2 
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hard, the heights correspond tolerably well for all these places. 
On the average, then, the mean temperature would become 
32^0 at the height of alxiiit 6165 feet above the sea, for places 
situated between 48° KV and 46' 12' north latitude, and at the 
height of 8200 feet, the supposed limit of the snowy regions in 
the Alps, the mean temperature would be +25°.25, Thisnrarly 
agrees with the observations of Pictet, according to which the 
snow first shews itself where the mean temperature is +23°.68- 
But here we find a difference of 9°.67 between the mean tem- 
perature on the limits of perennial snow on the equator, as 
taken by Boussingault from the observations of Humboldt, and 
that of the limits of the snowy regions in the Alps. This dif- 
ference, however, is reduced to 7°. 42 if we adopt +S2o,67 as the 
tnean temperature on the limits of perpetual snow at the equa- 
tor, which is the value deduced from other observations of Voa 
Humboldt. 

As between the tropics the temperature of the soil shews no 
variations at the depth of one foot, it will shew still sUghta 
variations at the height where the mean temperature is 32'. 
Snow, which there covers the ground, will therefore be tmable 
to melt on its under surface. Bui on its upper surface, which 
is exposed to the air, the snow may partially melt during the 
summer, because the variations in the temperature of the air are 
always more extensive than those of the soil, even in the small- 
est depths, and the temperature of the air at that height be- 
tween the tropics may, therefore, always rise a few degrees 
above 32° during the summer. In the temperate zones, on the 
other hand, the temperature of the soil still suffers considerable 
variations at that height, in which the mean temperature be- 
comes 32°, and, therefore, rises in summer to several d^;ree3 
above 32o ; supposing the suil not to be covered with glaciers, 
or any inasse» of snow by which the communication of heat 
from above would be prevented. Here, then, snow which 
covers the ground at that height, must melt away during the 
summer even on its under surface, and still more on its upper 
surface, which is exposed to the air, so that it must entirely 
disappear. This accounts for the possibility of perpetual anow 
being met with between the tropics, where the mean tempera- 
ture is equal to or even above 32°, whilst in higher latitudes it 
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does not occur till we reach the regions where the mean t^m- ' 
perature is several degrees below 32", or where the niaximum 
temperature of the soil is S2°. 

I have determined the temperature of the soil at the depth 
of IS inches, at four elevated spots in the Swiss Alps ; and in 
the following table I have added to the results which I obtain- 
ed, the mean temperatures of the places, calculated upon the 
principle above established, viz. that the mean temperature is 
US' at a mean height of 61 65 feet. 
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At places in low situations, as Stockltulm, Ahbotahall, anJ 
Brtissels, the niasimum temperature of the soil at the depth of 
cxie foot takes place in July. But if, as my observations on 



[d a clelt in the rock t!ie temperature, as low dawn as I could reacii nith 
wy arm, iraa 40°.65, niid (he same was at a depth of 1 2 inches in the ground 
place exposed to the full power of the sun, 1 found n temperature of 
41°'49. If the temperature of the numerous fresh-water springs which rise 
Uiat neighbourhood (Chap. IV.) give the true mean temperature of the 
•cdl, tbii must be 4-37'-4a. But these spriagB which rise out of the much- 
'flmued rocki of linieitone are probably thermal (Chap. I.), even though Ibe; 
i^roctvd from the Daabcniee (Chap. XI.) 

+ Acconling lo Michaelia (I'rilbel und Heer, p. 272) 70*0 feet; aocord- 
■lag to otbers GObS to 7I''0 feet. 

$ This is the mean of eighteen obaervationa on the summit of the moun- 
ia, vhich were made every half-hour from 9^ a. u. till 6( p, m., and at 
[ A. H. of the 31st August. The maximum wis 3b°.60, and Ihe niinimum 

This Is the mean of the obiervalions which were made at the same time 
at the others, but 40 feet below the summit on the southern declivity of the 
Mountain. The maximum was 37°.40, the niinimum 3G°.27. Both series of 
flbservations were made at a time when the Faulhorn bad been already Bnme 
'4>ya corered with snow one foot deep. The places wfaerc the observaliooi 
were naAe were, however, freed from the snow. 
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the Lihccnberg give reason to suppose, the maNJinum at tliese 
more elevated points happens somewhat later, then it is pro- 
bable that the observations made at the end of August and the 
beginning of September were already somewhat under the 
maximum. 

The maximum, therefore, probably exceeds the observed 
temperatures at those places by 2°.S5, perhaps more, and thus 
we should have at least 43°.25 for the maximum temperature 
of the soil on the Sp'ttal Matte, which is situated nearly at the 
height in which, according to our hypothesis, the mean tem- 
perature is 32=. But where the maximum temperature of the 
soil reaches 43°.25, no perpetual snow can be found. Even 
on the top of the Fauihom the maximum is probably above 
ST^.GS, so that here also perennial snow cannot be met with. 
Yet the summit of this mountain rises as high as the limits of 
perennial snow in the Alps are supposed to exist. However, 
these limits are supjwsed to rise on single insulated peaks, to a 
height of 8400 — 8700 feet, and on extensive chains of moun- 
tains to fall to 7800 feet." 

Besides the observations in the Alps, we have also those made 
at Dresden, Fnyberg; and at several other places in the Saron 
Erxgcbirge, in the years 1830-1833, which furnish us with 
some data on the decrease of temperature with the height. For 
Si°-^o diflerence of temperature they give 
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From the thernio metrical observations of the soil near the 
surface, made at various heights in the Erzgebirge, Reich cat 
cuUted that the decrease of temperature in the soil there 



• Ebel, Part II. p 49 — On the top of the Seidelhorut which is 8580 feet 
hJftfa, I founil no flnow on the IBtli August 1G23 ; but in a nvine on the 
nslem side of the mounteir, a condderible ma»9of snon wm accumukte^ 
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amounts M S°-S5 in 744 feet on the avt^rage. This result can* 
not be compared with the above, h9 the temperatures of the air 
ami of the s<jil were not made at the Rime places, but at places 
very different in their climate; furtiier, because the mean tem- 
perature at ^//fn&rr^ in the years 1830-18.')2^ewed differences 
as great as those between that place and Markns Rii/Uinff; and 
liitly, because the observations on tfie tem[jeratiire of the soil 
at Mttitberg and Johanngeorgctuitadt even shewed an increase 
of temperature with the height. 

However, these observations seem also to prove that the dft- 
crease of temperature is slower iii extensive gradually ascend- 
ing mountains, but more rapid in steep ones. As there may, 
therefore, be an infinite number of gradations in the decrease 
of temperature between mountains wiiicii rise almost jierpendi- 
cularly from the surface of the earth, and a gradually ascend- 
ing inclined plane, all other circumstances being ihe same; 
only such observations can serve for a comparison, as have been 
made on mountains having a very steep ascent. 

With respect to the decrease of temperature with the height 
. in the frigid z^nes, we are totally unprovided with observations 
in those regions, which might serve as data in our calculations. 
We must, therefore, leave it undecided, whether the relations 
are the same or different from those which exist in the other 
zones. If Fourier's hypothesis," that the temperature of space, 
or at least of that part of space in which the earth performs its 
orbit, is about equal to the mean temperature at the poles is 
correct, uo decrease of temperature can be supposed to take 
place in projwrtion to the distance from the surface of the 
MTtli at the poles. 

We now come to the last means of determining the decrease 
of temperature with the height, namely, the temperature of 
springs, which seems indeed to be the simplest method of all. 

In Chapter VI. it has been shewn, that, under the most fa- 
vourable circumstances, the mean temperature of the soil con 
only be determined from such springs as have not a constant 
temperature, because springs of constant temperature always 
rise out of strata which are situated much lower. But the 

* Mem. de I'lnstit. 1824, p. A80. 
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mean temperature of variable springs can only be found by 
meaDs of monthly observations continued for a whole year, or 
by observing exactly at the time of their mean temperature. 
When once the time of the maximum or minimum is known, it 
is easy to determine the time of the mean, for this always hap- 
pens three months after these extremes. 

But mountain springs scarcely ever give the true tempera- 
ture of the place at which they rise, but generally of a more 
elevated region, that is to say, they bring cold with them from 
above. — (Chap. IV). 

From this it follows, that Mngle observations on springs are 
of no use for the determination of the mean temperature of the 
soil, for repeated observations are necessary for deciding whe- 
ther the springs have a constant temperature or not, and if not, 
when its mean happens. But it is impossible to discover 
whether a spring give the^true temperature of the place, with- 
out the assistance of observations on the temperature of the 
soil itself. Thus it follows, that even monthly observations of 
mountain springs, continued for a whole year, cannot be of use 
for the determination of the mean temperature of the soil. 

The following table contains the results of one year's obser- 
vations made by me on the temperatures of eighteen springs 
which rise between PoppcUdcrf near Bonn, and the highest 
points in the Seven Mountains (Siebeiigebirgc), at which springs 
are still to be met with. It proves what we have just said 
most clearly. 

The numbers between parentheses were determined by inter- ' 
polation, but all the rest by observations, made for the most 
part in the middle of the month, excepting when other duties 
or unfavourable weather prevented it. As the greater number 
of these springs shewed but small variations from month to 
month, it could be of little consequence whether the obser- 
vations were made a few days earlier or later in the month. 
The first seven springs rise all nearly on the same level, on the 
slope of the hills beloufring to the lignite formation, which run 
from Poppehdorfio Godesberg. The ground rises impercep. 
tibly from the former of the places to the latter. 
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No. 1 is an artilicial well 58 feet deep, which, like ail other 
weils in this neighbourhood, is supplied with water from the 
Rhine. Itshighmeanlemperalure compared with that of the six 
following ones, is evidently caused by the increase of temperature 
towards the inlerior of the earth. The mean temperatures of 
2 — 7 agree, however, tolerably well together, and the mean of 
these six might therefore be taken as the mean temperature of the 
soil between Poppeltdorf and Godeab€rg. However I exclude 
No. &, because it rises from very near the surface, as is plain 
from its more extensive variations of temperature compared 
with the others, and because it evidently receives its water from 
the neighbouring hills. In this manner, then, we obtain a 
mean of 50«.22. The springs 8 — 18 are all situated on the 
other side uf the Rhine, in the Skbtngebirgt, and rise by 
decrees above No. 1 , as the annexed numbers indicate. It is 
very remarkable that No. 8 has a mean temperature O'.llS 
higher than No. 1, although situated considerably higher. But 
if we examine ils localities more closely, it no longer appears h%- 
tonishing ; for it rises at the foot of the Drachen/eh, on the 
eastern side, where the mountain is unusually steep ; and if it 
runs but a few hundred feet in a horizontal direction, or at least 
in a direction nearer to the horizontal than the slope of the 
hill, the furthest point of its course may easily lie 100 feet be- 
neath the surface of [he mountain. It is, therefore, probable that 
it rises from a greater depth, in comparison with the mountain, 
than any one of the rest of the springs ; itVonsequently bringsa 
higher temperature with it from the interior of the mountain, 
and must be looked upon as thermal, although it certainly does 
not rise from a greater depth by means of hydrostatic pressure. 
I will pass over No. 9, because this spring runs for a consi- 
derable distance on the surface, and I could not trace it to its 
source. No. 10 presents a curious phenomenon, namely, when 
I observed its temperature in December, I found, by plunging 
the thermometer in at different parts of the little natural basin 
which it forms, a difference of 0°.S25, and remarked that there 
are two small springs which rise here, scarcely six inches 
apart, with different temperatures. The lower numbers shew 
the differences of temperature between the two. I then dis- 
covered another spring, No. 11, scarcely three paces distant 
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from the last, which issued from a clefi in the rock among loose 
blocks of stone, in a place which wan difljciilt tu be got at, and 
tliis shewed 1°.35 to 1°,573 lower than No. 10. These three 
springs rise out of the sandstone of the lignite formation, which 
is there very much fissured- The comparatively higher tem- 
peratures of No, 12 and 14 was no doubt occasioned by both 
rising from a greater depth, and appearing in deep ravines. 
Ilie former evidently rises from a greater depth, as may be 
Been by the motion of the sand at the bottom of the basin. 
When springs rise in deep ravines from below, they must al- 
ways appear with a temperature superior to the mean of the 
place where they issue. All the rest of the springs either ma 
down directly through cracks in the rocks, or at least bear evi- 
dent signs that they do not rise from below. 

If we take all these circumstances into consideration, and 
oontpare the mean temperatures nith the respective heights, it 
becomes evident that these mountain springs are by no means 
capable of giving the decrease of temperature in the soil with 
the height. If, for instance, we compare the mean tempera- 
ture of Nob. 3 and 18, we find that the scales of their annual 
variations are nearly about the same ; it may, therefore, be sup- 
posed that they both rise from about the same distance below 
the surface. But, notwithstanding that they seem to he so pe- 
culiarly adapted to the determination of the relative decrease 
of height, yet when we come to examine into it we iind it to be 
exactly the contrary : for the decrease of temperature calculated 
from this mean is S.'.SB in 4S8 feet ; whereas the same decrease 
is found, from the direct observations made near Bonn and on 
the Lonenhfrg, to be ^M5 in 683 feet. It is clear, then, 
that the spring No. 18, which issues from a cleft in the 
rock, brings down cold with it from above, and, therefore, doea J 

not shew the temperature of the place where it makes its a^ I 

pearance. I 

Although my endeavours to determine the decrease of tem- \ 

perature with the height, from the mean temperatures of moun- 
tain springs, have been imsiiccessful, yet we see that the springs i 
in the valley of the Rhine, which lie at about the same level, 
are very well adapted to the determination of the mean two- 
perature of the soil. It is true their mean temperature, 50°.SS J 
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differs by 0^.787 from the above-mentioned mean obtained fttmi 
the direct obserradons on tlie temperature of the soil ; but, n 
the obserrations on the springs occupied the space of time from 
Au^st 1834 to August 1835, and therefore included the mild 
winter of 1834-35, whilst the obsenalions in the soil lasted 
from February 1835 to February' 1836, and included the severe 
winter of 1835-38, we cannot be surprised at this difference. 
And, in fact, the observations on the temperature of the soil 
shew a considerable fall from October 1835 to February 1836.* 
My observations communicated in Chap. VIII., so far as they 
can be reckoned upon, are also in unison with this. But the 
necessity of observing the rule, already laid down in Chap. VI., 
never to attempt to determine the mean temperature of a place 
but from several springs, is rendered obviuus by comparing 
the spring No. 1 with the six following ones. The less the 
extent of the variations of temperature in a spring is, the more 
{Mobable is it that it brings up heat with it from l>eluw ; and, 
indeed, we 6nd the extent of variation in Nos. 1—7 to decrease 
in proportion as the mean temperature increases. 

For the reasons explained in Chap. VIII., it may with pro- 
babihty be assumed that the springs Nos. 5, 7, and 17 riw 
from a depth of about twenty-four feet, but the rest firom 
a greater depth. Nos. 8, 10, 12, and 13, rise without doubt 
from the greatest depth, which may easily amount to 60 feet, 
when we compare their scales of variation with that of No. 1. 
The comparatively high temperatures of Nos, 8 and 12, of 
which we have already before made mention, are ea^y ac- 
counted for, when «e consider that they rise in deep ravinea, 
BO that the rocks rise steeply and to a considerable height on 
both sides. If these do actually rise from a depth of sixty feet, 
they may very easily acquire a mean temperature of l''.125 
higher than that of the surface, by reason of the increase of 
temperature towards the interior of the earth. 

If the depth from which springs rise could be ascertained, 

■ The mean tempelaturc of the air at Bonn is not jret iccuratelj detef 
mined. But the mean uf the Meiiicnl ■siessor Mohr's fourteea fears' abier> 
TAtions at Coblentz, from 1818 to ltl3], correcteil according to tha ruk In 
partner's Naturlehre, 3d edit. p. COl, a filM2. 
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Semeen temperature of a spring would exactly give the men 
' temperature of the place of its origin, so long as it be not a 
I mountain spring, whith brings down a low temperature from 
I Bbove. Indeed, if this depth were known, a single observa- 
I tion at any season of the year would be sufficient, if the scale 
I of the yearly variations in the temperature of the soil at the 
I same depth were also known. Running springs, which are 
I conducted through pipes for a long distance at a known depth 
[ belov the surface of the earth, would be very well suited to 
tbis purpose, provided they did not descend from steep moun- 
tains. From this we see how desirable it is, that observations 
I on the temperature of the soil at various depths, at different 
I placet, and at different heights above the sea, should be multi- 
plied as much as possible. 

The continuation of my observations in some of the above 

I springs, after the completion of the one year's series, gives us 

I an idea of the influence of the temperature of the air on that of 

springs ; for if we find by interpolation the temperatures of 

these springs on tlie same days in 1834-1335, on which they 

were observed in 1835-1836, we have : 
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We here finJ that the teniperatuvcB of these springs in the 
months of October, November, ami December 1835, and Ja- 
nuary 1836, were altogether lower tlian during the same uioikHb 
of 1834 aitd 1835. This lower temperature still shewed itself 
even in June 1836. In general, these diiFerences all increased 
as the observations went on, and were greatest in Januarv. 
But as no observations were made betwetn January and June, 
it is impossible to decide whether the di^erences continued to 
increase still fui-ther in the following months. However, i.ie 
observations in June prove that tliey afterwards decreased 
again, and it may be expected that in the following months 
they will altogether disappear, or perhaps even become nega- 
tive, if the summer turns out very worm. The maximum 
differences in the springs Nos. 8, 14, and 18 (0°.99, r.26, and 
I'.SO), are nearly exactly in proportion to iho differences be- 
tween their yearly maxima and minima (2''.23, 2°,81, and S'.ST), 
as given by the above series of obeervations, from August 
1834 to August 1835. In otlier words, the influence of the 
external tem]>erature on springs, is smaller, the smaller the 
yearly variations in the temperature of the springs are, that is 
to say, the greater the depth from which they rise. However, 
not one of these springs rises from a deptli sufficiently great 
for the influence of the external temperature to be entirtly 
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without effect No. 1, the well under the chemical lahoratory, 
alone seems to be no longer affet-ted by it, because its tempe- 
rature is almost constant. On the 18th June 1836, I found 
its temperature to be the same, 6 r.23 as in 1835. Lastly, No. 
17, the one which shews the moat considerable variations of 
Ieniner*tiire of all, and therefore takes its rise very near the 
Burface, also shews the greate»;t differences between the two 
years ; and it is very plain how much it was affected by the 
cold weather which set in at several periods of the winter of 
1835-36. 

In order to have a numerical value of the influence of the 
temperature of the air on that of springs, I subjoin a table of 
the mean temperatures of the following months of the years 
183*, 1835, and 1836, according to the observations of Mr 
Hds at Calcine. 
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The year 1835 was, therefore, with the txception of Septem- 
ber, always colder than 1834, and hence the depression of the 
temperatures of the springs in 1835. The higher temperature 
in September, was distinctly shewn in the temperatures of the 
qniaga iu October and November. 

Before 1 had made my ownexperinients, as above given, on the 
temperature of mountain springs, I gave myself a great deal 
of trouble to find out the decrease of temperature in the soil 
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with the height, from Wahlenberg'a single observations on the 
temperature of the Swiss Alps,* von Buch's in the Canary 
Islandt, f Forch hammer's on the Faroe Islands, J and Kern's 
on the Swabian AJps.^ But the results of these attempts were 
as unsatisfactory as Kamtz's calculation s|| on Wahlenberg's 
observations, which gave the very improbable result, that at a 
height of S~00 feet, the lemperntures of the air and of the soil 
are equal, but thut at the height of 13,000 feet, the soil !i 
ir.SS warmer than the air. 

I have myself observed the temperature of a great number 
of springs in the Alps ; but it would be of no assistance to us, 
in our present object, to commuuicate them here. That which 
resulted from the one year's observations in the Siebevgtbirge, 
on a small scale, was there seen on a large scale. For example, 
in the neighbourhood of Grindcltcaltl, namely, at the foot of 
the Mettenberg and of the Eiger, I observed no less than 
twenty-two springs, whose temperatures were between 87*.40 
60' .00, and the coldest were precisely those which were on the 
lowest level. What conclusions can be drawn from these on 
the temperature of the soil, and on the decrease of tempera- 
ture? 

Chap. XIX. — What Conclusions may be drawn from the Observa^ 
lions hitherto made on the Increase of 2'emperal»re towards the 
Interior of the Earth ? 

In the foregoing chapters we have become acquainted with 
the various causes which may modify the increase of tempera- 
ture towards the interior of the earth. Is it then surprising 
that the results should be so very various, frequently bearing 
DO comparison to each other ? 

Eircher H seems to have been the first who look notice of the 



• De Veget. et Clim. in Helvet. e«ptentr., p. IxsvlL § 87. 
+ Poggendorfi'a Annal. xii. 407, 

t Karaten's Archir filr Mineralogii!, tec, &c. U. 190. See aUo Ft^;g«iid«rff'* 
AddbLxxxt. 213. 

§ Kaslner's Archiv flit Chem. und MeteroL iv. 42. 

II Lebrb. der MeleoroL ii. 200. 

H Mundui Subternuieus, ICSl. fuI.,voL 11. p. 184 ind 185. 
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;iea5e of temperature in the earth. The miniDg officers of 

•.mnitz remarked to him that tlicy had nothing to suffer, 

from heat or cold in the mines, so long as there was a 

circulation of air ; but when sucli waa wanting, it inva- 

^ly became warmer. From Mr Schapelman, the director ci 

mines (Bergmeister) at Uerrengrundt in Hungary^ Kircher 

Hunt that wlien the mines are dry, their temperature increases 

lith the depth, because it is impossible, on account of their 

lepth, to give them a sufRcient ventilation ; but that when 

ey contain water, although deep, they are not so warm. 

>erhav^* also mentions the increase of temperature towards 

e centre, and Mairan -f first set up the hypothesis of the 

istence of fire in the interior of the earth. 

Regular observations of tempeinture in mines began in the 

idddle of the last century, and have been very much multiplied 

ice that time. Either the temperature of the springs, or that 

the water which flowed from the adit, was usually observed; 

It the number of the observations was inconsiderable, and the 

CKults are themselves very uncertnin, since the waters may 

jring cold from above or heat from below with them J ; or else 

ley observed the temperature of the air on the rock. We poft* 

■a observations of this sort in great numbers, and in depths 

r 1378 feet 11 inches. 1598 feet 8 inches (ISOO to 150O feet 

French feet F). 

The first observations were made towards the middle of the 

tt century in France, at the instigation of Mairan, § in the 

of Giromagrit/, near Beforf, in the Voages. In the year 

806, D'Aubuisson || made some observations in the lead and 

her mines of Poulhotien and Huetgoet, in Bretagne ; and 

HMD 182a to \%?.5, CordiorH did the same, in the coal mines 

Ttbe departments of Tarn, NUvrc, and Calvados. 

From Sic'Uzerland, we have the observations of De Saussure,"* 

' £letnenta Chemlc, LipsK, 1733, vol. i. p. 403. 

t M^m. de I'Academle pour 1719. 

J The former case seema to be the more frequent. 

S IMiaertBtian sur U glace, u Pt.us, 1749, in lamo, p. GO. 

I Joum. des Alines, voL xxl. p. CO. 

% AnnoL de« Minn, deuxi^me ieries, vol. ii p. a3-139. 

* * ToTiges dam le« Alpes, § 1008. 

VOL. XXIT, NO. XLVIU. — AFUIL 1838. D 
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whidi he made about fifty years ago, in the salt-mines of Bex^ 
under very favourable circumstances. 

Many observations were also made in Germany^ namely, in 
Saxony, As, for example, those of Von Freiesleben and Von 
Humboldt, in the year 1791 ;* those of D^Aubuisson, in 1802 -f 
of Von Trebra in 1805, 1806, 1807, and 1815,^ and lastly, 
those of Von Herder, under the special management of Rdcb, 
in the years 1 8S0-1832.§ In 1 82&-18M, regular obserratioos 
have been carried on in various Prussian mining establish- 
ments. || 

Great Britain has afforded us a great number oi observa- 
tions since 1815 ; namely those of Thos. Lean, Rede, Forbes, 
and particularly W. Fox and Moyle in the copper and lead 
mines of Cornwall and Devonshire^ and those of Bald, Dunn, 
and Fenwick, in the coal-mines in the north of England.^ 

In Sweden observations were conducted by the director of 
mines, Claes Wallmann, in the mines of FcMun.** From Ita^ 
we have those of Fantonetti, in the gold mines of Pestarenadi^ 
Macugnana^ -f- + in the valley of Anzasca. 

And lastly, we are indebted to Von Humboldt for observa- 
tions in several of the mines of Mexico and Peru, 1 1 Complete 
compilations of these observations, with the exception of thoss 
more recently made in Saxony and Prussia^ are to be found in 
various works. § § 



r 



" Annal. de Chim., vol. xiii. p. 210. 

t Description des Mines de Frevberg, vol. ill. p. 151, 186, and 200, Journ. 
des Mines, vol. xi. p. 317, voL xiiL p. 113. 

X Ge<»gr. Ephemeriden, 49, 432. AnnaL des Mines, voL i p. 377, vol, iii 
p. 59, AnnaL de Chim. voL xiii. p. 211. 

§ Ueich, loco cit. 

II Poggend. Annal. voL xxii. p. 497' 

^ Annal. de Chim. et dc Phys. vol. xiii. p. 200, voL xvi. p. I78, voL six. 
p. 438, vol. xxi. p. 300, and Geogr. Distribution of Plants, bj Winch, p. 51. 

* • Kongl. Vetensk. ac Ilandl. ar 1831. 

ttSee Briignatelli's Giornale, 1821, p. 467; also Gehlert neues Phys. 
Worterbuch, vol. iiL p. 978. 

t X Annal. de Chim. et de Phys. vol. xilL 207. 

§ § AnnaL des Mines, voL i. p. 378, and vol. iii. p. 63. AnnaL de Chim. et 
de Phys. voL xiii. p. 183. Gilbert's Annal. voL IxxvL p. 390, very complete. 
Geliler's neues Phys. Worterbuch, voL iiL p. 974 and fblloving. Reich, loco 
citato, ]). 139, very complete and comparative^ 



Hut and Thermal Springs. 987 

le following is borrowed from Cordier'a comparative re- 
suits of these observations. 

The mean depth in wliiL-h the temperature rises, S°.25 F. or 
1° R. is, 1st, From the observations of the temperature of the 
springs; in Saxony, 188 feet 7.7 inches (English feet); in 
Pouilaouen, 450—10 ; in Huetgoei, 122—6; in CornrcaB, 102 
— 4; in Mex^iro, 102 — i. 2d, From the observations on the 
temperature of tJie workings of the mines : in CormcaU, 6{) — 
8 ; in DevomMre, 110—10 ; in Bex, 106—6.9 ; in PouUaouen, 
262 — 2. 3d, From the observations on the temperature of 
considerable bodies of water in the mines : in Com'n-all, 118 — 
4; in Saxony, lii9 — 7; in Huetffoet, 175 — 10. 4th, From 
observations on the temperature of the rock in mines ; in Saxony 
198—3 ; iu Cornwall, 69—3 to 122—6. 

Cordier's own observations give a mean of 147 — 10,2 and 
61 — 9-7 feet. As a general result, he asserts that ihc increase 
in the internal heat of the earth docs not every where follow the 
same law; that it may be twice or even three times as rapid in 
one country as in another ; that these differences are totally in- 
dependent of latitude and longitude, and that the increase is 
certainly greater than has been generally supposed. According 
to him, an increase of (1° R.) 2°,25 may take place in 61 — 9-7, 
or even Si! — 3.4 feet ; but for the present he takes it at 102 — 
8.7. Kupffer" attempts, but with little success, to reconcile 
Ae irregularities in these results. StOl less can we agree with 
him, in wishing to determine the mean temperature of the soil 
from the increase of temperature observed at any particular 
place. 

According to the above, mentioned observations in the mines 
of Prussia, the calculated depth in which the temperaiure in- 
creases 8*.26 F. {VR.), varies from 63—11.3, 47^—5.4 feetf 
The latest observations in the ErzfreUrge also yield very vari- 
ous results ; indeed, in the Neue HqffnvTig Gottes at BrduHS- 
do^, and in the Stockwerk at Allcvherg, the temperature ia 
observed iu some cases to decrease. Reich, therefore, calcula- 
ted the most probable mean from all the results, by taking into 
coD^deration, as far as he was able, all the causes which might 
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have influenced the observations. In this manoer he found, 
for an increase of temperature of S'.SS F. (I' R.), a depth of 
171 — 6.9 feet. In order to judge of the probability of a cott- 
staiit error, lie examined whether the warming or the ax>ling 
influences predominated. He found that the error was on the 
side of the latter, and that the increase of temperature was con- 
sequently found too small, which seems also to accord with the 
observations in other places. Although in several mines ob- 
servations ha^e been made at more than two points, one below 
the other, it cannot be determined whether the increase of tem- 
perature is proportional to the depth. Sometimes the tempe- 
rature increases, sometimes decreases with the depth ; some- 
times it decreases at first, and afterwards increases again, and 
vice versa. 

The therm ometrical oijservations hitherto made in minea 
have, then, given such very various values for the increase of 
temperature towards the interior, that itis impossible from them 
to discover the law. This is by no means surprising when we 
consider how nimierous arc the causes which tend to discom- 
pose thiit law, and which have been treated of in Chapters IX, 
XI. XII, to XVII, We have already seen, from the reflec- 
tions in Chap. XVII. what a considerable influence is due to 
the configuration of the earth. Some of the observations may 
have been made in mines excavated on the declivity of ateep 
mountains, in which case, as is shewn in Fig. V, PI. II, a 
very protracted increase of temperature would take place. A, 
shaft sunk from C to e, for example, would have given an iiK 
crease of a'.SiS, 2°65— -t".* F. (1° R.) in 249 feet, whilst shaft» 
at c and d would have given 122 — 6.7 feet. If the conftgunh 
tion of the surface of the earth, at each point of obserratioOt 
were known, we should be enabled, by means of the formula 
developed in Chap. XVII., to correct the modifications of the 
law thereby eflwled. But how is it possible to bring into cal- 
culation the numerous other influences ? 

However, almost all observations indicate that there t 
an inward heat, which is pecnhar to the earth itself, which doei 
not proceed from the sun's rays, and increases rapidly with th* 
deplh ; for the few observations which have g^ven a contraij 
result cannot be brought forward as proofs against the j 
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mlity of this assertion, since local circumstances may some- 
times, as, for instance, in the Sauherg at EhrenfriedersdorJ 
(see Chap. VI.), cause a decrease of temperature to a certain 
depth. This may, perhaps, alio be the utse in the Swedish 



Even the most strenuous opponent must he convinced when 
he considers the high temperature possessed by considerable 
bodies of water collected in deserted mines. It is im}Kissible to 
conceive any other cause for this than the innate heat of the 
walls of the cavities in which tlie water accumulates. But the 
temperature of these walls cannot be ascribed to any other 
cause than the natural high temperature of the earth at a cer- 
tain depth. Thus, Fox relates that in 1890 the water in the 
copper and tin mine of Poldicc, at a depth of 144 fathoms, had 
« temperature of 79" .92 F., whilst in 1830, when the workings 
bad been carried to a depth of 176 feet, it rose to 99°.95 F.-f 

A rare opportunity of observing the temperature of an insu- 
lated body of water presented itself to Reich. J In a mine near 
Fnyberg, a supply of water of several cubic feet per minute 
was cut off, for the sake of prosecuting the works, at a depth 
of 916 — 6.7 feet, by means of a Keilverspiindcns. This was 
composed of wedge-shaped pieces of wood of 6 — 4.7 feet long, 
which fitted so exactly together, and against the smooth-hewn 
walls of the gallery, that, notwithstanding a pressure of 13 at- 
mospheres, a very small quantity of water could escape ; on the 
'SOth of March 1833, the escape was only 0.326 cubic feet in 
aa hour. In thi.>* manner a space of 62 feet long, 6 feet high, 
Aid 3 feet wide, was shut off and filled with water, which had 
bardly any communication with the gallery. Reich carefully 
examined the temperature of this body of water on the 30th 
S^tember 1832, and on the 20th March 1833. These seasons 
were chosen, because, if the influence of ihe seasons should 
be perceptible, it would on these days be the most striking. 
On the SOth September, he found the temperature of the wa- 
ter, from five perfectly accordant observations, to be 61°.65, 

• Bergman, PL ysikal-ErdbesclireibiinK, 1780-4, vol. il. p. 118; and Walrl 
BUnii in Berzelius' Jahresbcricht, vol. i. p. 14D. 
t Poggend. AnnsL vol. ixl p. 171- 
J LowdWto, p. 13*. 
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and that of the air, 6 fathoms from the vertpuaden, 60".8 lo 
61*.02; and on the SOth March, also from five perfectly accor- 
dant observations, the temperature of the water Gl^-SS, and 
tliat of the air, at the same place as before, 60».S3. The dif- 
ference of 0°.0S) is within the error of observation. It is cer- 
tain that the enclosed body of water must have assumed the 
lemperature of the surrounding rock ; and in Reich's opitnon 
there can be but two causes which could occasion a difference 
between them. The first is the escape of some of the water 
through the I'er.rpuiiden, and its replenishment from above; 
the second is the continued change of air before the vrripAndtn. 
But both of these influences can be but inconsiderable, for, as 
we have already remarked, a very small quantity of water 
makes its escape, and the enclosed water is separated from the 
air by a mass of wood of 6 feet in thickness. Further, the« 
two circumstances could only tend to diminish the temperature 
of the water, as the water was replenished from above, and the 
air at the end of tlie summer, as well as at the end of the win- 
ter, was colder than tlie water, allhouffh the difl'erence wat 
smaller in the ftirmer case than in the latter. 

From these observations, Reich calculated an increase of 
temperature of ^".95 in 136 — H.3 feet, which is very tnucb 
more rapid than the mean deduced from the observatioiiB in 
the mines of the Erzgelnrge. This adds some wtdght lo the 
supposition expressed above, that the mines are by degrees re- 
duced in temperature by the entrance of cold air and water 
from the surface. 

Later observations of Phillips," in a shaft of unusual depth 
recently sunk at Mank-Wearmouth, near Netocastle, gave r5- 
suits which corresponded very nearly with those in the Krzgt- 
birge. All e.\ternal influences could only have caused a depres- 
sion, but not an elevation, of temperature in tliis shaft. Widi- 
out detaining ourselves with the observations on the tempera^ 
ture of the air and the coal, we will only mention, that thatttf 
the salt-water which collected in a small shaft in tlie vicinity, 
and froni which there was nn uninterrupted disengagement of 
bubbles of carburetted hydrogen, was 72''.59, and when the 
disengagement of gas subsided, 72''.0 and 7r.60. The mouth 
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Df the shaft lies 86 — 10.2 feet above the flood-mark of the aea ; 
the point of Phillips's observations J584 — 0.8 feet below the 
opening of the shaft, and eonsequimtly HST— 0.6 feet below 
the Burface of the sea. At the upper ernl of the shaft, the mean 
temperature of the air was 47*.58, and that of the salt-water 
%dow 72°.59. Supposing the temperature not to have incre»* 
wd in the last 100 feet (?), so that 72°.59 were the temfwratui* 
at the depth of 1484 — 0.7 feet, Philips calculates an incremse 
itf 2-.25 F. (1" R.) in a depth of 133—6.8 feet. 

These observations point out in what manner the most acci^ 
l»te results as to tlie increase of temperature towards the centre 
d the earth are to be obtained. In old exhausted mines gal- 
leries are often to be found in which water might probably be 
ifaut off in a similar mauner for the soke of ohservatious, as was 
done in the Freyherg mine above referred to. Although the 
ntpense of the observations would be increased by such opera- 
(ions, yet, on the other hand, they wouhl be very much simpli- 
Bed, as it would be sufficient to make them tiiAce a-year, in 
tpring and autumn. 

Another very favourable opporlunity of obtaining accurate 
^ermometrieai observations offered itself in the sounding at 
V^egny near Geneva, alreatly referred to more than once. 

Mr Giroud wished to have an artesian well sunk at bis coun- 
by seat at Pregny. On coming to a depth of 582 — 11.7 feet. 
iritbout meeting with water, he gave up the undertaking, 
bfessrs de la Rive and Marcet upon this opened a sub^-ription 
Bor the continuation of the work, and thus they succeeded in 
leaching a depth of 726—10.2 feet. The failure of the first 
Inject of the undertaking, namely, to obtain spring water, was 
aarticularly favourable to the observations, as the variations of 
emperature, caused by the gushing in of water into the well, 
irere thereby entirely avoided. The water in the well rose once 
towithin 13—10.2 feet of the surface ; at 106—6.9 to 159— 10.3 
Ibet deep it was so muddy that no such infiiix of water could 
jlosidbly have been supposed to exist, especially near the bot- 
tom it was rather a very wet earth than water. The pre- 
^{Gcial effects of currents of air in dry wells were consequently 
ibo prevented. Besides which the thermometer was enclosed 
n a cylinder of 4^ inches in diameter, which exactly fitted into 
well, so that, at least, whilst it was sunk to any certahl 
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dqith for ascertaiiUDg the temperature, all ponible influx of 
water was prevented. Lastly, the fact that the results obtain- 
ed at a certain depth exactly coincided, whether observed at the 
bottom of the well or at the same point afterwards, when the 
work had been carried on to 106—6.9, S18— 1.8, or S19— 8.7 
feet below that point, puts it beyond doubt that nothing could 
have tended to disturb the observations. 

The temperature was observed with the utmost care by 
means of a maximum thermometer. The results shewed so 
exact a coincidence among each other, as well as with those of 
a common thermometer in the less considerable depths, that the 
greatest confidence may be placed in them. The following in- 
cludes the whole series :— 



FntsT Sbbics. 


Sbcohd Ssbisa. 


Depth bdow 
thenizface. 


Cormpood- 

IngTanpe- 

raturoL 


Depth bdow 
thetuzface. 


CociapoDcU 

iDKTempe- 

nUuzei. 


Pert. 

31—11.7 
63—11.3 
106—6.9 
169—10.3 
213—1.8 
266—6.2 
319—8.7 
373—0.1 

426—3.7 
479-7.1 
532—10.6 
586—2. 
639—5.5 
692— a9 
724—8.6 


Fahr. 

sots 

5I.I2 

5I.8 

52.47 

33.37 

54.50 

55.62 

56.52 

57.57 
58.38 
59.45 
60.41 
61.36 
62.37 
63.05 


FWC. 

319— a7 

ea— 11.3 

106—6.9 
151—4.1 
213—1.8 
266—5.2 

319—8.7 
351— a4 
373—0.1 
394—3.9 
426—3.7 
458 3.4 

479—7.1 
532-10.6 
686—2. 
638—4.6 
692—8.9 


nhr. 

6K67 
52.43 
53.15 

56.97 
55.51 
55.96 
56.62 
56.75 
57.31 
57.87 
58.32 
59.56 
60.45 
61.47 
62.59 



In the first series the thermometer remained in each station 
so long as was found necessary by experience for the exact ob- 
servation of the temperature. 

The second series was undertaken in order to ascertain 
whether, by sinking the thermometer more or less rapidly, any 
difference in the results would ensue from the heat caused by 
he friction of the metallic cylinder against the sides of the welL 
However the presence of the water would lead us to expect a 
pe^tive answer to this question. 
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From the above obfiervations we find that from lOfi — 6.9 feet 
{to which depth the temperature remains constant at 51°.G8) 
to 724—8.6 feet deep, the temperature increases in direct pro- 
portion to the depth, and that the increase of depth correspond- 
ing to each additional degree of Reaumur is 122 — 2.8 feet. 
There is no doubt that this regularity in the increase of tern- 
perature is owing to the place of observation being perfectly free 
from all causes of disturbance. As former observations in other 
l^aces have generally shewn great irregularities in the increase 
of temperature, it is probable that they have been influenced 
hj accidental circumstances. 

The lowest degree observed, 60°.9, still exceeds by 1°.35. the 
mean temperature of Geneva (49°.5-5). De la lUve and Mar- 
cet are of opinion that they would have found this last in a 
depth of 42 — 7.G to 53 — 3.5 feet, if they had been able to pene- 
trate into the rock itself. They think that the higher tempe- 
rature of the water in the upper part of the well must be 
ascribed to currents of water which brought up heat from be- 
low, and which seemed probable from the clearness of the above. 
The influence can, however, only have extended to the first 
106—6.9 feet. 

!baf. XX. — Can the Progreision of ihelncreaie of Temperature to- 
warda the centre of the Earth be xoilk certainly deduced from the 
Temperature of Arlerian Springs, and the depth from which th^ 
ritef 

Arago long ago declared that artesian wells were peculiarly 
wlapted to the determination of the rate of increase of tempera- 
ture in the eaith. More lately Spasky » and Kupffert have 
endeavoured to calculate that rate from existing observations. 

In order that such a calculation should yield accurate results, 
ft is necessary that the following conditions should take place : 
— -lat, That the sjiring should not rise from below the place of 

1 first appearance in the well ; and, 2d, That it should also 

Lve exactly the temperature of the lowest point of the well. 

If the well have been sunk to within a short distance of an 
jnpervious stratum, the first condition will easily be fulfilled. 
But if it happen to have encountered a spring, coming from 

* Poggeud. Annkl. vol. xsii. p. 3CS, f Ibid, vol zsxiL p, SU. 
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below, under a pressure sufficient to force it to the surface, the 
temperature of the well cannot be the same as that of the rode 
at the bottom. And even if the lowest point of ihe course of 
such a spring were exactly on the same level as the bottom of 
the well, yet it could only a3.suine the temperature of the sur- 
rounding rock, in case it should have remained long in contact 
with it. This may, with probability, be supposed to be the 
case, when the temperature of the spring is constant. How- 
ever, it may also take place, even though its temperature be 
variable, if its variations follow late after those of the air. So 
that the later in the year a spring reaches its maKimum tenip^ 
rature, the more likely it is to shew the true temperature of the 
lowest point of its course. 

On the contrary, springs whose variations of temperature 
take place nearly or exactly at the same time as those of the 
atmosphere, will not give the real temperature of the lowest 
point of their course. Thus, the salt-springs of tVerl can 
hardly be expected to shew the real temperature of the low^ 
est point of their course, as'their variations of temperature 
correspond almost exactly with those of the air.* 

Spasky and Kupfier calculated, from the observations on the 
temperature of the artesian wells at nciii)a,-f an increase of 
temperature of 1° R. or 2'',2.5iin 88 — 5.5 and 8!J — 1.5 feet 
Kupffer found the same at 80—11.9 and 74.7.2 feet from those 
of Rachdle and Epinay. J From Mr Griffith's § observadoDS 
on the temperature of two springs encountered at different 
depths, it waa calculated at 49.0.3 feet. 

So rapid an increase of temperature gives room for the caB> 
jecture, that the depths of all these wells are not equal to the 
lowest point of the course of the springs, but that the springs 
rise from a still greater depth. 

* Tbete thertnal springs indiole tbe immediate influence of the exlenwl 
temperature, which is certainlj net communicated Ihraugh the earth. Tbor 
veirlj mean temperature, however, coincidea nearly with the tempeiHture of 
the enrlh at the lowest point uf their course. In so fur it might ofler a nu- 
merical element fiir the calcuUtion of the increase of temperature with tlie 
depth, provided the welt were as deep as tbe lowest point of' th* Ipllng'l 

t Boum^LTtner Journ. fur Fb/s. uod Msthem., vol. tIu. Na X 

; Jouhl de Gealof^e. tC3a Vol. 1. p.im. S Ihidem, y-IJl 
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From the observations' of Magnus" and Erman,-f- in the 

unding at Rudersdarf', the same depth is found to be from 

107.7.fi to 115 — 1.2 feet, and from more recent oLservationB J 

121—3.8 feet 

Taking the observations at Geneva, cited in the last chapter, 
T»hich were made under the most favourable circimi stances, as 
tbe standard, the following are found to accord the most nearly 
with them : — 

Gmeva, . . . . 123 — 2.9 Feet. 

Ertgebirgc, from obaervBlioOs in enclosed naters, I3C — lU ... 
Jlfpnit-n>unnou(A, from salt-water sprinf^s, [. 13.1 — 6.R ... 

Cbmimff, from 9|iring3, . . . 133 0.7 ... 

Copmh/I, g-om eocliHed whWis, IIS — 3.5 ... 

Jliidtrtdoi/, fmm riaing npringa, . . 121 6.9 _. 

Vralian JV oun/ninf, from B comparison of the moat 'i 
■ulhentic obsprvalioQS in those regions, S, -J *" 

A comparison of these results leads to some interesting con- 
lusiona. 
The near coincidence of these results is certainly not acd- 
dentsL It rather shews that the circumstance which influences 
the increase of temperature towaids the centre of the earth, 
lely the configuration of its surface, must be nearly equal in 
.all those places. The greatest difference is between Geneva 
and the Erzgebirge. In Chap. XVII, I have already dis- 
cussed the question, whether the value of n is the same, all 
other circumstances being ihe name, under a plain, under deep 
Tslleya surrounded by high hills, and under mountains. Should 
differences be founrl, they must be the greater between the two 
latter cases, which are the extremes in the configuration of the 
CATtb. Tlie position of Geneva may be considered as the one 
extreme, and the Erzgebirge, in general, as the other. But 
whether their difierenee is really owing to that cause, or rather 
(O the circumstance tliat the Erzgebirge is more exposed to the 
influence of the atmosphere, on account of the extent of the 
mines, we will leave undecided. However, the result obtained 
at Monk-Wearmoutky which so nearly accords with the value 
found in the Er:!gtl>irge, speaks in favour of the latter suppo- 

* Pi^gend. Annal. vol. iiii, p. 116. 

t Abhanillung. der Akad. der Wlssenschoften eu Berlin. Ifl31. P. 368. 

f Poggend. Annul, vol. xxviii- p. 333. 

i Enasn juur. in Kiinitz Lebrb. der Mcteorologie, toL n. p. 5T&|, 
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sition. The poRition of this shaft is such, that the circum- 
stances must he supposed rather to resemble those at Geneva 
and Riidersdorf^ than those in the Erzgeblrge ; but they in so 
far resemble those of the Erzgebirge^ that the influence of the 
atmosphere, as Phillips remarks, can only cause a depression, 
but not an elevation of temperature. 

However improbable, therefore, it may be, that perceptibly 
different values should be found for n beneath phiins and in 
mountains, it would yet be desirable that such favourable cir- 
cumstances as those at GciKva^ in the Erzgebirge, and in the 
EngUsh mincsj should be more frequently met with and taken 
advantage of. Then it would not be long before a general law 
for the increase of temperature towards the centre of the earth 
would be found. And if this law should suffer interruptions, 
as all other physical laws do, yet a numerical expression for 
such interruptions might possibly be discovered. 

The following Table is illustrative of the observations in 
Chapter VI. of this article, at p. 36S of the 20th volume of 
this Journal. 



Table — Temperatures of Springs, 





1 


o 


3 


4 


5 


G 


• 


R 


9 


10 


1) 




xS 


1 




§ 


I 


1 






i 








^ 


c 




^.^ 




*r 






& 








cl 


.3 
fl 


2 

c 




li 


aa S 


i 


1 

Q 






1 




Ytm* 




IHOJ) 


1810 




180<) 


1808 


\\m) 






1810 1 




IHIO 


1811 


1809 


1810 


1809 


1810 




1809 


1810 1811 1 


January, 


o 


.%.«(! 


36^05 





43". 7.0 


44^06 


43^88 


e 


O 


4l!4l 


39!83| 


February, 




3.5.91 






43.7.0 


44.24 


43.79 






40.39 


3&56I 


March, . 




3-i.8« 


34.2,5 




43.7.0 

(1811) 
43.60 


43.88 


43.79 


43.70 




39.72 1 38.48 


April, 




34.1.", 


33.84 






43.52 






38 52 39.97 


May, 




.^5.08 


;i3.84 


44.05 


43.70 


44.06 


43.61 


43.70 




38.i;8 , 


June, 




4-2.GG 








43.97 








40.36 


July, 


41.18 










44.06 








1 

1 


August, . 


41.00 


54..50 




54.68 


44.05 


44.24 


43.70 






46.04 I 


September, 


41,00 


52..51 




m.\u 




44.24 


43.{t8 




48.65 


46.40 




October, . 




46.80 




50.78 




44.06 


43.88 




47.6 


46.37 




November 




4-2.14 


40.77 




43.88 


44.06 


43.88 




44.64 




4436 


December, 




37. .08 


37.y4 






44.24 


43.79 




42.35 


,'42.26 


Mean, . 


41.06 


41.71 






43.85 


44.098 


43.77 


43.70 


4*2.26 


41.99 i 


Differ, be-) 
























tweenMax. > 


0.18 


20.34 






0.45 


0.36 


0.36 




6.3 


7.85 




and Min. j 

























JJot and Thermal Springs. 29TJ 




Table — t-outinued. M 




V2 13 U 15 1C 17 18 19 30 21 33 fl 






- 


|2 


1 




1 


, 


is' 




a 


, 




i 

1 


1! 


1 




1 
1 


1 


i 


1 


i 


11 




ISO!) 


IHGU 


IKIO 


1809 


luio 






ia-.7 


1827 




1811 


Voir.. 


IHIU 


luin 




luio 




1810 




18-J8 


1828 




1812 




^.V 






43°ai 










49 19 


4.^!02 


19.15 




43.34 






43.8 








49.30 


46.U6 






March, . 






42.26 


42.8 
(IHll) 








49.BB 


411.87 


43.71 


4S.10 


is!: : 
























42.0B 


43.70 


1'2.63 


4-iH 


42.8 


43.15 




oU.31 




45.18 












43.8 








52.54 


5.^19 






















53.55 


56.46 


48.01' 






«.15 


43. W 


42.0 


45.98 


43,60 


43.15 




33.05 


55,76 


49. 23* 




September, 


«.MB 


,43.08 
i 44.24 

44.05 


43.15 


43.34 




43,34 


43.70 


62.32 


54.H1 


49.7r 


tB.4S 






43.43 






43.34 




53.38 


53.71 


49.41 


19.45 


November, 
















■>[.75 


50,13 


17.97 


19.tf 


December. 


43.53 














51.41 


49,30 


46.63 


MeBD, . 


42.9B 


43.3ti 


42.98 


43.B3 


4;i.20 


43.'25 




'.5]. 39 


51.70 


4G.B6 


19.30 
























lireen Mux.} 


l.S 


0.3 


1.17 


0,54 








4.25 


10.39 


6.03 




|=ndMiB. i 










i 












1 

■a 34 M 36 57 38 39 30 31 S2 33 1 




1" 

1, 


i 




1 




1 

i 




Hlncr>ISpiinniiiMclnb«t. H 


1 




1 






S^S 


n 


s 


iti 


5 


tj 




H 




£ 


■ 


Vbti. 




1S14 




lui; 












1830 






1819 


1819 


1819 


1819 


1819 


1819 


11131 


1833 


1832 


1833 


Jsnaflry. 


5CL00 


4^57 


Uoa 


49' 48 


4S!41 


47'h4 


47^48 








* , 




60.00 


15.09 


44.U7 


49,48 


49.40 


4H.e8 






44.37 


41.66 






50.00 


46.311 




49.45 




41). 42 








43.12 




*<• : 
























50.00 


51.79 


51.98 


50.31 


50.45 


49.66 


49.55 


46,63 


46.62 








60.09 


5S.78 




50,fi7 


50.78 


50.68 














M.09 


55.53 




















August. . 






57.12 


51.23 


51.6B 


50,78 


31,10 


64.27 


55.96 


53.S7 


61.3S 






,53.43 


53.43 


51,13 


51.12 


50,56 












October, 


M.I8 


Sias 




50.26 
















No fern her. 




48.57 






















50.00 




43.92 


49.15 


49.43 


411.17 


48,20 








'h 


Mean, . 


S0.07 


50.22 


60.11 


50,16* 


50.18 


49,34 


49.32 


47.41 


47,54 


44.16 


44.01^ 


Differ, be-t 
■ twceiMni. 
IpadNin. > 
























0.225 


11.49 


13.54 


1.77 


2.27 


2.94 


3.62 


10.12 


11.58 


11.81 


r^.«M 


^^^ ^^^ 



X9S 




Prof. BischofoB^r 








1 






Tablk — continiwd. 1 




U 


35 36 37 38 at 40 41 -19 « U | 






1 


ji 




1 


1 


■:t 








1 






1 


1 


1 


1 


1 

X 


1 


11 


II 


1 


lii 


i 


v™. 


1832 


1033 


IDS': 


1833 


1832 


1S33 


1831 


1833 


1831 


1833 


ISU 


Jum^, 




«.66 




49.28 




54.20 


47.52 




flKtl) 






FebnuiT, 








.^I.DO 






17.30 












4G.01 




.m.4n 












48.6,15 






^ ■ 


.'iI.<S 


4a.B5 


52.65 


.13.10 


54.74 


.1.1.37 


47.88 










53.21) 


.11.31 


53,17 


.15.111 


53.n2 


56.32 


lB.lNi 


40.85 










Siso 


52.92 


57.45 


.15.51 






4.q.75 


47.75 


47.52 








5a.h~4 














48.ie 


48.6.5 


5AfiO 


53. li 




.13.61) 


53. «2 


W-SZ 


54.57 


55.17 


51i.75 


51.43 












33. ]j 


.12.70 


54..'i9 


55.40 


.M.U3 




52.85 


43.3-: 








October, 
















43.70 


.10.1IU 






























December, 


J6.ifi 


4H.20 


511.13 


53.10 


52.25 


52.51 


48.42 










Mean, . 


.'.I.IS 


50.3U 


52.U0 


53. 4B 


53.71 


54.32 


43 .66 


4e.2'J 


18.65 




ai7 


Differ, be- 1 
tweenMoni 
and Mill. ) 






















7.1S 












3.80 


4.50 


0.3 










i 

















fl 




p: 




ii 


3 


Pmh SprlnKm' R'irl. | 


1 


1 


5 

? 


i 


i 




t^-A 


f! 


Hi 


<s 


■si 


1% 


1 








s 




Sil 


k 


E 


i^ 


=£ 


h 


i% 


it 


si 


s 


























1™ 


i«3:( 


mi 


18:i» 


1834 


183.1 


1834 


1821 


1821 


1821 


1021 


1821 




















„•.., 




4«'10 














15!)JI 


42.8 


16. 40 


47.11 


4-i.7.1 


49.01 






S7X<i 








iin.3.; 


42.8 


47.11 




iT.M 


41.74 


April, . 


.17.87 












4.1.51 


48.01 


4H.20 


48.20 


48.71 




.17.li7 








5.1.40 


160.711 


48.G.1 


JH.JH 




iii.:r.i 


48.7* 




.18.10 


.58.10 








lliUiU 


47.411 


49.45 




i>'..:t\ 








.ULlO 


.17.98 


Ul);35 


£5.40 
















.Htm 




.17.65 








.mill 


.10.18 


4.<l.i« 


4!*M 


liiai 




.i8.:o 


.18.21 


fir..i3 




fl.1.17 


1.1R.->> 


.«..11 


.11.98 


51.8 






















































Dccembur, 


58.10 










1,18.9 


l!l.55 


19.15 


49.45 


l.t.15 


1S.M 


Mean, . 


58.05 1 57.81 


,17.63 


57.91 


5.1.21 ilJ9..11 


17.52 


49.12 


43.05 


58. .)j 


4SL19 


DiOer. be- | 









































































^ 


ffo( anJ Thermal SpTtvgg. 2S9 | 




Table— conliDued. 1 






56 W SB 59 i;0 G1 G2 G3 e4 M | 






FiallSp.Ll«..lBucl.{ 


1 1 


. 


1 




■s 


^^ 


■s 




"3 


■5 


- 






i 


§ 

1 


1^ 

Ii 


Ii 


il 


i 


1 


4 
1 


^i 

^ 


v^ 


1B21 


iiei 


!R21 


1838 


ili39 


1829 


1829 


1830 


1830 


1831 




4Tfifi 




46-40 


43 fR 






34!g9 


34°77 








f«bniur. 


40. M 


5U.0D 


44.60 


42.25 




36.3(> 




34.77 


27,89 


37.47 








4B.4S 


46.31 


43.74 


4Z2S 


88.67 


39.83 


37.75 


i% 
















M.76 


46.95 


50^ 








48,30 


49,28 


49.64 


53.64 








53.60 


(iO.73 


43.40 




4.1.4S 


4s.el 


50.33 


.18.47 


65.73 


67.S5 


62.09 


56,77 


62.7! 


66.50 






49.64 


5S.S1 


62.09 


G8.9 


Bi.n 


67.B4 
































iS-M 


si.ae 


54.31 


6S.M 


59.32 


W.1T 




67.29 




&7.7S 






51.26 




54.53 


48.83 


52,45 


46.37 


53.48 






















48.06 








December, 


M.00 


,M).58 


4B.20 


42.fll 


37.44 






41.23 


33,14 


44.10 


Ueen, . 


49.57 


50.13 


4S.G6 


49.10 


51.68 


48.87 


46.73 


51.44 


48,42 


50.:i4 




K^?;n 










33.liG 


25.11 


43.15 


26.95 








»dM.. i 


























lis li7 es fi!» 70 71 72 7.1 7-1 75 ■ 






Slullgnn. 


^ 








■B 


■b 


■3 


■s 


1 


P 


1^ 




^: 


4 


■3 


^1 


i. 


ill 


1^^ 


n 


S 


s 






i 


5 


f 


t-5 


hi 


s. s 


a 5 


^i 


5 


B 




V-n. 


1H31 


11)38 


1832 


1833 


1833 






1831 


1833 


1832 




J«m«T 


■2G°7 


33^32 


30° 43 


36' 05 


?444 




26°B5 
















3fl.«B 


X,.l\ 


37.78 




39,87 


41.,W 


muH 






40.55 


39.49 


39.58 


37.58 


40,41 


41.56 




43.38 


4S.U 




.«.se 


47.09 


49.84 


43.04 


46.6-D 




50.79 






46.86 


68.45 


51.7.^ 


66.61 


64.68 
















63.37 


57.30 


63.34 


60.06 


68,20 


57.72 


04,06 




56.26 


58.13 




Gftoe 


61.67 


66.10 


60.93 


6.^34 


Gl.2.1 










































56.7S 


«S.fil 


56.07 


57.85 


56,70 


56.7S 


56.61 


55J3 






56,fi7 


63.90 


411.35 


52.49 


47, ra 


63^ 








StM 




KO.«BbCT, 


41.58 


4G.09 


38.07 


46 HO 


















47.64 




H.92 


44.S8 


41.S7 


41.9 


34.43 


45.36 


40.28 


ism 


Mean, . 


5L01 


4fl.fl0 


*KHS |4M.-;3 


4!i.H 


49-73 


4!).30 


50,47 


49.68 


49.23 


DitFer- be- ] 






















l-ee-Moi. 


39.44 


23.96 


37.05 24.88 














■ 








\ 














I 


B 






1 


1 




ii 




■ 


■ 


■ 


■ 


■ 


^ 



SCO Kr Galcrxi^ ob Hi dagrapkie^ Poritim rf 



^L I — 1 L VLi ««n:g;^ Gi.3«n*i iT^a' r. zIL p. IIX and ioL 
Vl -» mii a. ocmsit • HcTLLi. 3ia^ I SS. t. zuL p. 30. Spriag 19 riMt ost 
if ft leti :c 3:"r' £9l iz<i ^ f.iusdc SST 5k? Above tbe lerd of the ica. No. 30^ 
.ci rsei i»i: a i-i."- -■£! -?:■» r«? i.i«:Ts tie Ma. 
>"i. il- £.TLii 713.- ?-!«?« L A22. T.^xi ?.*-7;aad feL The tenpentnm 

>" r. ^ -"lijei :nrt . :« i.:. x :f«L Eraas ml (Me Abhandlongen der KSn. 
A-nii. L '^^ JT 3ttrL3 : :r 1 : 5— : : ;. ;. J77 itc ioL) obMrret tbat Wahlen- 
wrc » =ca^-s if rir-itjic* ji :t* :<EtT^r»:^r« :f tiiii fpriag remained the lUM 
r.irn.f i*- f.-L ; i^r*. A:\::c-:>z^ 5»» iizi ia 3<aa a 45'j^ 

' >:.'>—:.-:. rnz :-j i.i iLji-rL : .-La:. 4c r^ Xeinbers, Lemgo 1832, p. 271, 
^^^ »«•?. 1-: ••:" 
V I. :4— Xi. : := ii.ci: -: -7 3L t. L^*-, Director of the Salt Worki at WerL 

>':. *I — -.■•- "irwr-'. :::j:= i.iji.r. 

>*!. -^^ :■: =.2 ijri'jftitf'i ":t M. WjLr:er. Surreror of Aiz<la-Cbapelle. 

X:. ;-.—>.!. A :JA£^.iz^ laer c^ WL^e der Eide in fiveL ron Menu. 



>~:^ :Ji — 75, Arrc-rilrf :; :'::« cocz:i=ica::oD of Pr>£ PlieningerinStutgiidt* 

i?rnii-'"ii n ;.v G^c^aphical Position of some Points on Ae 
n*«: C«i.': cfScGtitirid By William Galbraith, M.A., 
Tejclier c^' Maiheciatics Edinburgh, M. S. A. Communi* 
Cited bv ihe Society of Arts. + 

Havix J for some years past been in the habil of visiting 
several point* on the west coast of Scotland, I employed my 
lc:>v.r: h^^jr? occasionally in determining their latitudes and 
lon^*ti!iies. anJ was often forcibly struck with the wide devia- 
lion from the truth which many of them exhibited. 

It is tnK\ I was told when I made a few remarks on this 
sub-cvt before the Society of Arts last year, that errors were 
known to exist in our best maps and charts, and that the late 
Dr MacCulloch advanced their imperfections as a reason for de- 
laying the publication of his researches, said to be intended for 
the ba>is o( a geological survey of Scotland. It is indeed easy 
to charge most maps with errors, but it is not quite so easy to 
shew their extent and to correct them ; at least I am not aware 
that Dr MacCulloch did this in any great degree, which, from 
the time he might have employed, by means of the funds placed 

* For the reductions of the degrees to the scale of Fahrenheit in the Mt* 
moir of Bischof, I am indebted to Mr Geoi^ Atkin, author of the useful 
Thermomctrical and Barometrical Tables, published b^ Messrs A. & C Blade, 
Edinburgh. 

f Bead before the Societj of Arts, Januarj 10. 1838. 
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Bt bis disposal (had he used them aa he ought to have done) he 
might have effected. 

Having shewn, last year, that some of those reckoned our 
best maps, such as Arrowsmith's, Wyld's, Bee, contained very 
Gonsidenible errors in the Firth of Clyde, especially about the 
Island of Arran, I was in hopes that, in calling attention to the 
subject through this Society, by definite and palpable instances, 
the claims of Scotland could not well be overlooked by the 
legislature, especially if followed up by persons of influence 
connected with the northern part of the island. In this I have 
not been disappointed. A few months after my remarks were 
read in the Wemerian Society, and published in Professor 
Jameson*B Journal, theWernerian Society memorialised Govern- 
ment, and also recommended the subject to the consideration of 
the Royal Society of Edinburgh, the Highland Society, and 
the Magistrates of Edinburgh, and they also petitioned Go- 
Ternment to order the resumption of the Trigonometrical Sur- 
vey of Scotland. 

I have now the satisfaction of informing this Society, on the 
best authority, received some months ago, as may have already 
been learned by other means, that the Triangulation of the 
"West Coast of Scotland, under the able superintendence of 
Colonel Colby, will be resumed next summer. 

In addition to this, as a piece of scientific intelligence, I may 
add, that the original observations on the 6xed stars, made with 
the Ordnance zenith sector, are also now in the course of reduc- 
tion. Preparatory to this, that instrument has been employed 
for some time past at Greenwich, in order to compare observa- 
tions made by it, with those made by the mural circles, to test 
its accuracy, bo that no reasonable doubt can now be cast on 
its 6nal results. 

When these and an arc of the meridian, traversing Britain 
from perhaps the Isle of Wight on the south, to the island of 
Bolta in Shetland on the north, are completed, we shall then 
have an arc of about 10° of the meridian measured with ex- 
treme precision in Europe, to be compared with another in 
British India of still greater extent, and both executed with 
British instruments of great accuracy, by British observers of 
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■ta, aad coaKqucntly the Goal results will pok 
MM d the iifiiiiMiiili wUcfa modem «ci«nce can tp^e. From 
tkne we vSl Aen b* — hfed to deduce tbe true figure aiid 
b of the CBitb fron Botiah mauuriee alone. Men uf 
e wiQ bid tW eoopldioa of fbeae labours with great m- 
^ wbile ia the accoisle atKrey and ddineation of the 
a of OKT own conntrj, its oommercialT maQufao 
fi'^^ and a gii wJ tural iniereats viil be greatly improred. 

Indnd tbe CouA Sarrev erf tbe Firth of Clyde is now in 
p rogr eaa br CaptMo A. Headefioa of the Royal Hogineen, 
who ia pKnidcd with eiEcAent instnnDtaits nuule by Measra 
Trot^lbtnn and SiBUBs, and he poaacwea all the requisite talents, 
peneveranoe, and industry for such a duty in aa eminent de- 
gree. He baa already fixed neariy all tbe more conspicuous 
aDd impoetant points, to aerve as tbe fundauiental basis whereun 
tbe inBiiDe surreyora must fonn tbdr charts, which, when 
finished, cannot fail to benefit greatly the shipping trade of tbe 
Clyde. This gontieman"? labours would, perhaps, in the mean 
time, ha<re terminated about Arran, had not the Chamber of 
Comment of Greenock, and others interested in the |m>iq)enty 
of the trade of the Clyde, been informed of this last year, and 
tonaequently very properly urged the continuation cS. bis 
valuable labours up as high as Greenock and Port-Glaagnw, 
irhich are now in progress there. Under these circuni stances, 
perhaps, the re&ults which I am now able to comnmnicate can- 
not possess any great and permanent value, as they will evsn* 
tually be superseded by those roore accurate determinations to 
which I have now alluded. However, as the latter will not be 
I^Qierally communicated to the public for sometime, perhaps I 
nay be excused for troubling the Society with mine. 

The instruments which I geniTally carry with me for thil 
purpose, are a small altitude and azimuth astronomical drde, 
and a good chronometer, when I can fortunately fall in with 
one. For this I have been indebted to Mr Bryson, in the pre- 
sent as well as last year. The circle has three verniers, each 
reading to 10", and a good level, each division of which shews 
S", though 1" may be estimated, if thought neoessaty. Tbe 
verniers are rend by compound lenses, on the tubes of which 
are placed reflectors supplied by iVIessrs Adie and Son, that 
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greatly facilitate tiie leading, especially at night, in observations 
upon the stars. Such an instrument, when properly used, is 
capable of giving good results either with regard to latitude or 
time. 

I had also a small reflecting box-circle made by Messrs Adie, 
■which I had the pleasure of laying before this Society some 
time ago, and which, on several occasions, I found very ser- 
viceable, both on account of its accuracy and portability. In- 
deed, when the arcs are read alternately on both sides of zero 
from three verniers, I think it may be depended upon, both for 
latitude and time, to a very considerable degree of accuracy, 
especially when the repetitions are continued for a considerable 
time. I should say that, by circum-ineridian observations with 
an ardRcial horizon, near noon or the meridian, for about ten 
minutes before and ten minutes after transit, the results, when 
properly reduced, could hardly, under favourable circumstances, 
differ more than HO* or SIT from the truth, and frequently 
much less, though such a degree of accuracy could not gene- 
TiiUy be expected. With regard to time, I generally found k 
to give results not more than two or three seconds from the 
truth, though it would require wore observations than I have 
yet bad an opportunity of makii^, to test its accuracy com- 
pletely. 

W course, Kater's circle being pretty large and well divided, 
its results will seldom differ more than 10" of arc from tJie 
truthi when used with care in favourable circumstances and 
good weather. 

The chronometer performed remarkably well, and what was 
not s little singular, the rate continued sensibly the same 
throughout the whole time of my absence, or at least the rate 
was the same when I returned to Edinburgh, as when I left it ; 
sod I deduced almost the same rate from an interval of about 
ten days at <me place, where I remained stationary for that 
thne. 
AL Edtnhurgfa, on tiie 3d of Aitgust 1837,11 noon, Ibe chronometer was Stmt 
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From these data the following table was formed, for con- 
veniently making the necessary comparisons. 
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Table of Error of the Chronometer, 



AtigOMti. fut -t- 3.S3 



. — t.M 

. _ 6.74 

. — 7-02 

. _ B.30 

, — 9^ 

. — 10.88 

. — 12.14 



With the assistance of this table, the calculatii 
and longitude were facilitated. 
I. The Latitude of tlie Haitian CalboUc Chapel at Ajr wa* detennined to he, 

bj observations on August 8, Sun 65° 38' 68" N- 

... S, Star^ 
... 34, Stara, 
... 94, SUra, 
... 94, PoUtU, 



August 20. (lew _ I7J6 


... 21. .. 


— 18.64 


... 23. ... 


— 1932 


... 23. ... 


— 21.10 


... 34. .. 


— 2138 


... 26. .- 


— 2M8 


... 96. » 


— 24.94 


... 27. ... 


— »i.a2 


... 28. .. 


-27.M 


... 29. .. 


_2a78 


... 3a ... 


— SIMM 


... 31. .„ 


— 31.34 


September 1- ... 


-32.62 


... 2. ... 


— 33.90 


... 3. ... 


-38.18 


... 4. ... 


— 36.48 


i, the calculatio 


ns for latitude 



Sfean latitude, 

9. Longitude b; Chionometer:— 

August 24, 



26, 



Meta longitude in time, 

in degrees, 

3. In like manner, I nude the position of Porllncross Castle t( 
serralions taken August 9, I.atiLude bj Sun, 
... II, Polaris, 
... II, sAquUs, 
... 12, Sun, 

MeanUtitude " 



65 


38 63.1N. 




m. .. 









26.7 




Sd.8 




23.7 




23.8 
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4. Auguit II, Lungiludebj chronometer, . . lOSS.OW. 



M«aa longitude In time, . . 19 3G.5 W. 
in degrees. . . 4° M' da5"W 

The observations from which these reeultB have been ob- 
tained were not so numerous as I could have wished, because 
part of my time was employed in other pursuits ; but if com- 
pared with many of our books and charts, they will be found, 
I believe, more accurate. In fact, all the coast, from about 
the Cloch Light to the Mull of Galloway, appears, by ray own 
observations, combined with those of others, to be placed too 
far eastward by several miles. For example, the position of 
Ayr Light is given by different authors as follows : — 
& Tfae latitude U given— 

Bj Sfackaj's Navi^^tion. IS04 and ISOO, at . 55" 25' 0" N. 

... Lynn's Nautical Tabies, IB25, ... as 

... Norie'a Navigation, 1828, ... Si 9 

less, ... S8 30 

While I found loj station in 1B37, ... 28 63 

nearly the same as last, though the ligfit appears to be really a 
few seconds to the north of my position. 
6. Again, the tongltude by 

Macka; in ISOl, . . . . . «> 36' 0"W. 

Lynn in 1G2C, ..... 26 

Noriein 183B, ..... 26 
IB3B, ..... 37 

The preceding, from my obsereatloni, t» . . ■) 38 21 W. 

nearly agreeing with the last of Norie's, though the li^t may 
indeed be about half a minute to the westward of my position. 
I think it would have been credited by few, that the geogra. 
phical position of the county town of Ayr had been till within 
these few years so badly determined, or at least so erroneously 
given in our best books and charts, on which it was supposed 
implicit confidence might have been placed. • 



' Dr Mackay Gtatea, In the explanation of hia Table of Latitude! and Lon- 
gitude*, that " the positians of many of those places on the west coast of Scot- 
land were communicated to him by Mr Lament of Greenock." I have been 
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Indeed it ncrvr could bare Docmred to me to suspect, that 
the [Modaitt of sudi inpartaat sea-ports as that of Ayr, and 
odias adjaoest, were aiaaeoaa to the extent of S* or 3' of k- 
titade, and 8* or MT of longitude, had 1 not been led to examine 
the wbject somewhat attenti'rdj, bom having ncciced simitar 
man m Arran last jaar, wboc, in the maps of Arrowsmith, 
Wfld, &c., the whole southern shore of Arraa is placed about 
5' north of its true podtioa, aod it is not improbable that tbe 
whaie i^IauJ is. 

These instance justify the call that has been made to resume 
the Trigooofnetrical Surrey of Scotland, and there is now e^'ery 
pTDspet-t that it will be dulj* attended to, so that the poutioos 
of dilTetcnt important paints in this part of the island, as well 
as macT others elsewhere which I bare not had an opportunity 
of examining, though Equally or more erroneous, will be 
speedily corrected. Chieflr, 1 believe, to the exertions of the 
moie influential members of sereral societies bdmigiDg to Scot- 
land, the immediate resumption of the Tngoooinetrical Survey 
is owing, though others certainly had previously lent their 
powerful aid in the application. 

In the report to the British Association which met at Liver- 
pool in Septemb)^ 1S37, it is stated that " the Assoeiaticin 
made application soon after their meeting at Edinburgh" (ia 
1834) " for tbe resumption of tlie Trigonometrical Surrey of 
Scotland, — a work imperiously called for by the imperfect state 
of our best maps and charts of that part of the island, dtber 
for the purpose of geology or navigation. It is needless to 
give farther proof than that parts of several of tbe large iakmdt 
at the motUh of the Chfde are laid down several mile« out (W 
tlieir true po&ition. The magnificent scale on which the Sui^ 
vey of Ireland is now carrying on, emboldoned many scientific 
societies of Scotland this year (1837) to memorialise govenk 
meat on the subject." Tlie report goes on to say, " I am happy 
to add that the appIicutioDs have beeo successful, and the trian- 
gulation of Scotland will commence early in 1838." It tl>er»- 

iofDnned tb>t Air L. bis heea farming » chart of thoie coasts Into wkici) be 
bu iBLraduced nuaj conecUon^ aad that, it U to b« r^proUed, ka« aw^m 
been publiibed. 
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fore appeitrs that till the spplicatioii of the scientific societies of 
Scotland in the mimnier of 1837, tlie application of the British 
Aaeoctation for at least the immediate resumption of the Survey 
had been UDfluccessful. The benefits, however, that will now 
be conferred on the country must be great and permanent 
The speculations of geologists v\\\ likely be more consistent 
with regard to localities, dips, and directions of mountatOx 
ranges, the views of the agriculturist, as connected with drain- 
age, ficc., better founded, and the prospects of llie mercantile 
interest more secure. 



Ob»en>ation» on the Hurricanes and Storms of the ^Vcst Indies 
attd the Coast of the United Slates. ' By W. C. Redfielb, 
Esq. With a Chart.* 

Fftou a careful attention to the progress and phenomena of 
some of the more violent storms which have visited the Wes< 
tern Atlantic, I have found that they exhibit certain charac- 
teristics of great uniformity. This appears, not only in the 
determinate course which the«e storms are found to pursue, 
but in the direction of wind, and succession of changes which 
they exhibit while they continue in action. The same general 
characteristics appear also to pertain, in some degree, to many 
of the more common variations and vicissitudes of winds and 
weather, at least in the temperate latitudes. The following 
points I con^der as estabhshetl : 

1, The storms of greatest severity often originate in the tro- 
pical latitudes, and, not unfrequently, to the eastward of the 
West India Islands ; in the tropical regions they are distin' 
guished by the name of hurricanes. 

' In the ISth Valuioe of lliia Journal we published a nhort account of Mr 
Bedfield'i " Observations on the Hurricanes and Storms of tlie West Indie) 
and the Coast of the United States," being convinced hie stfllements were 
Aetervlag llie particular attention of Mcteomlogistiand Mariner*. It is but 
ialclj, however, that hts viaw« have l>eco particularly noticed in this coun< 
trj. ]Stn Somerville, Frofeasor Daubpny. and other Kriters, have mentioned 
Ihem with ajjproiiolion, and tberefbre^ we presume, we are consulting the 
wishes nrour retden b; b;ing before theiu this mare extended memirir of 
Mr RHfteld. 
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2. These storms cover, at the same moment of time, an ex- 
tent of contiguous surface, the diameter of which may vary in 
diflferent storms, from one hundred to five hundred miles, and 
in some cases they have been much more extensive. They 
act with diminished violence towards the exterior, and with in- 
creased energy towards the interior, of the space which they 
occupy. 

3- While in the tropical latitudes, or south of the parallel 
30°, these storms pursue their course, or are drifUd fay the na- 
tural atmospheric current of the region towards the west, on a 
track which inclines gradually to the northward, till it ap- 
proaches the latitude of 30°. In the vicinity of this parallel, 
their course is changed somewhat abruptly to the northward 
and eastward, and the track continues to incline gradually to 
the east, towards which jwint, after leaving the lower latitudes, 
they are found to progress with an accelerated velocity. 

The rate at which these storms are found thus to advancein 
their course, varies in different cases, but may be estimated at 
from 12 to 30 miles an hour. The extent to which their course 
is finally pursued, remains unknown ; but it is probable that 
as they proceed, they become gradually extended in their di- 
mensions, and weakened in their action, till they cease to com- 
mand any pecidiar notice. One of the hurricanes of August 
1830, has been traced in its daily course, from near the Ca- 
ribbee Islands to the coast of Florida and the Carolinas, and 
from thence to the banks of Newfoundland, a distance of more 
than three thousand miles, which was passed over by the storm 
in about six days. The duration of the most violent portion 
of this gale, at the different points over which it passed, was 
about 12 hours, but its entire duration was in many places 
more than twice that period. Another hurricane which oc- 
curred in the same month, passed from near the Windward 
Islands, on a more eastern but similar route, and has also been 
traced in its daily stages by means of the journals and reports 
of voyagers, near two thousand five hundred miles. It was in 
this storm that the Russian Corvette, Kensington, Captain 
Ramsey, suffered so severely. The hurricaneof August 18S1 
which desolated the island of Barbadoes on the 10th of that 
month, the duly progress of which has also been ascertained' 
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pawed in nearly a direct course to the northern shores of the 
Gulf of Mexico and New Orleans, where it arrived on the 16th 
of the BBine month, having passed over a distance of twenty- 
three hundred statute miles in six days after leaving Barba- 
does.* Many cases of like character might be adduced. 
> 4b The duration of the storm, at any place within its track, 
depends upon its extent and the rate of its progressive velocity, 
as these circumstances are found to determine the time which 
ifl required for the storm to pass over any given locality falling 
within its route. Storms of smaller extent, or dimensions, are 
usually found to move from one place to another with greater 
rapidity than larger stoims. 

5. The course thus pursued by the storm, is found to be en- 
tirely independent of the direction of wind which it may exhi- 
bit at the different points over which it passes — the wind in all 
such storms being found to blow after the manner of a whirl- 
wind, around a common centre or vortex, during their entire 
progress, and in a determinate direction or course of rotation, 
which is from rigfit to UJl (or in the direction from west to 
■outh) horizontally. The direction of the wind, therefore, for 
the most part, does not coincide with the course of the storm. 

6. In the lower latitudes while drifting to the westward, the 
direction of the wind at the commencement, or under the most 
advanced portion of these storms, is from a northern quarter, 
usually at some point from north-east to north-west, and dur- 
ring the latter part of the gale, it blows from a southern quar- 
ter of the horizon, at all places where the whole effect of the 
gale is experienced. 

7- After reaching the more northern latitudes, and while 
pursuing their course to the northward and eastward, these 
storms commence with the wind from an eastern or southern 
quarter, and terminate with the wind from a western quarter, 
as will appear more distinctly under the three following heads, 
the latter portion of the storm being usually attended with 
broken or clear weather. 

8. On the outer portion of the track, north of the parallel 
of 80°, or within that portion of it which hesjarikest from the 
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» appear on the annexed chart. 
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American coast, these storms exhibit at their commeneement s 
amitheriy wind, which,- as the storm comes over, vferg gradtttd- 
ly to the veftmard, in which quarter it i« found to terminate. 

9. In the same latitudes, but along the etntral portions if 
the track, the first force of the wind is from a point near to 
jMuth-eatt, but after blowing for a ceHain period, it cfiangtt 
svddenlt/, and, usually after a short inlennission, to a point 
nearly or directly opposite to that from which it has preH- 
ously been blowing, from which opposite quarter it blows with 
equ^ violence till the storm has passe<l over, or has abat- 
ed. This sudden change of a south-easteriy wind to an oppo- 
site direction, docs not ocntr to'vards either margin of the starvCt 
track, but only on its more central portion, and takes effect in 
tegular progression along this central part of the route, ftom 
the tfOMtA-ice«< towards the north-east, in an order of time, which 
is exactly coincident with the progress of the storm in the same 
direction. It is under this portion of the storm that we notice 
the greatest fall of the barometer, and the mercury usually be- 
gins to rise a short lime previous to the change of wind. In 
this part of the track, the storm is known as a south-easter, 
and is usually attended with rain previous to the ciiange of 
wind, and perhaps for a short time after. 

10. On that portion of the track which is ntarcst the Ame* 
ric^n coast, or which is farthest inland if the storm reaches the 
continent, the wind commences from a more eastern or north- 
eastern point of the horizon, and afterwar<ls veers more or less 
gradually bynorth,toa north-western or westerly quarter, where 
it tinully terminates. Here also the first part of the storm is 
usually, but not always attended with rain, and its latter or 
western portion with fair weather. The first or foul weatfaa' 
portion of the storm, is, on this part of its track, recognised as 
a north-easter. 

It should be noted, however, that near the ladtude of 30", 
and on the shores of Carolina, where the storm enters obliqoe- 
ly upon the coast, while its track is rapidly changing from a 
northwardly to an eastwardly direction, the wind on the central 
track of the storm will commence from an eastern or Dortb- 
castern point of the compass, and will gradually become south- 
easterly fts the storm approaches its height* 
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11. A full asd just coBsideration of the facts which have 
been Htatecl, wiU ^i«w conclusively that the portion of tbe «t- 
jQosphere which composes for the time being tlie great body td 
9lonu, whirls or blowe as above staled, in a horiitontal cir- 
|piit^ around a vertical or somewhat inclined axis of rotation 
which is carried onward with tlie storm ; that tlie course or di- 
•lection of this circuit of rotatiwi is from right tu it/I ,- and that 
^e storm t^ratc^ nearly in the same manner as a tornado or 
,vbirl wind of smaller dimensions; the chief di He rence being ia 
jUie more disk-like form of the whirling body and the magoi- 
j(ude of the scale of operation.* This view of the subject, when 
.^iillj comprehended, aflbrds a satisfactory solution of tlie other- 
,irise inexplicable phenomena of storms, and will also be found 
to accord entirely with the fact which apfiears in the above 
.statement, that in the phases or changes whidi pertain to « 
Storm, the wind, on one margin of its track, veers with the tun, 
or from left to right, while under tlie opposite margin of the 
,«ame storm it veers again-H the sun, or from right to iefl ; for 
-gthis peculiarity necessarily attends the progressive action of any 
.whirlwind which operates horizontally. 

1^ Owing to the centrifugal action of these rotative stormst 
iLe barometer, whether in the higher or lower latitudes, always 
jinks while under the lirst portion or moiety of the storm on 
every part of its track, excepting, perhaps, its extreme outward 
margin, and commonly affords us the earlie&t and surest indi- 
cation of the approaching tempest. The mercury in the ba- 
rometer always rises again during the passage of the last por- 
tion of the gale, ami commonly attains the maximuin of its eie- 
vatione on the entire departure of the storm. 
. The great value of the barometer to navigators is becoming 
well understood, and its practical utility might be greatly in. 



* It ii to be understood tbat the diameter ot the whirlwind which cmsLi- 
tule* Ibe storm in commeniuirate with (he width oftiie track over which the 
Uorm puaea. The main ^oAy of the storm is supposed to move in the form 
of an exleosive ctisl, whirling around its own fentro bb it advances in its re- 
pilnr tTBck — with this difference, that the rotative movement is fkr more n- 
^ ia the interior ponltms of Uie whirling bodj, than towards it> estcrior 
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creased by hourly entries of the precise height of the mercu- 
rial column, in a table prepared for the purpose. Its move- 
ments, unless carefully recorded, often escape notice or recol- 
lection ; which may easily happen at those times when a difc 
tinct knowledge of its latest variations might prove to be of 
the greatest importance. 

In the foregoing statements our design has been to designate 
in a summary manner the principal movements which, in theae 
regions at least, constitute a storm ; and we do not attempt to 
notice the various irregularities, and subordinate or incidental 
movements and phenomena of the atmosphere with which a 
storm may chance to be connected, or which may necessarily 
result from such violent movements in a fluid which is so tenu- 
ous and elastic in its character. It may be remarked in general, 
that the most active or violent storms are usually the most regular 
and uniform in the development of those characteristic move- 
ments which we have already described. It is also probable, that 
the vortex or rotative axis of a violent gale or hurricane, oscillates 
in its course with considerable rapidity, in a moving circuit of 
moderate extent, near the centre of the hurricane ; and such an 
eccentric movement of the vortex may, for aught we know, be 
essential to the continued activity or force of the hurricane. 
Such a movement will fully account for the violent Jfcaw or 
ffitsls of wind, and the intervening /wff* or remissions, which are 
BO often experienced towards the heart of a storm or hurricane, 
when in open sea ; but of its existence we have no positive eri- 
dence. 

In Purdy's Memoir of the Atlantic Ocean it is stated, "That 
while one vessel has l>een lying to in a heavy gale of wind, an* 
other, not more than thirty leagues distant, has, at the very 
same time, been in another gale equally heavy, and lying to 
with the wind in an opposite direction." 

This statement is obviously to be understood as applicable 
to two vessels falling imder the two opposite sides or pordoni 
of the same storm, where the wind in iis regular circuit of ro- 
tation must, of course, blow from the opposite quarters of the 
horizon. We will suppose one of the vessels to be at A and 
the other at Bj in the annexed figure. The stonn in punmng., 
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wards N., will strike ( 
the first - mentioned ' 
vessel in the direction 
which is shewn by the 
wind'orrows at the 
point c, which, if the 
position be in the tem- 
perate latitudes, north 
«f 30°, will be from 
eastward. Now, it is 
obvious, that as the 
Storm advances in its 

course north-eastward, this vessel, if nearly stationary, will in- 
tersect the body of the gale on the line c A d. As the storm 
sdvances, the wind must also veer to the northward, as shewn 
by the arrows, being at N.E, when the vessel is brought under 
tbe point A, and near the close or departure of the storm by 
Its further progress eastward, the wind will have further veer- 
ed to the direction shewn at d, which, with due allowance for 
■the progressive motion of the storm, we will set down at N.N. 
W. The other vessel, as is equally obvious, will first take the 
wind from the southward, as shown at e, in which quarter it 
will blow, with no great variation, till, by the advance of the 
■tonn, the ship is brought under the point B. The barometer, 
which had previously been falling, will now commence rising, 
■nd the wind, veering more westerly, will, at the departure of 
ihe slorm, be found in the direction shewn at^ which, after 
flie allowance already referred to, may be stated at W.N.W. 
Bncb, substantially, are the facts commonly reported by vessels 
which fall under the lateral portions of the Atlantic storms, and 
It is readily seen, that the opposite winds which are exhibited 
on the two different intersections of the storm, as above describ- 
ed, will very naturally be mistaken for two separate and dis. 
tinct galea. 

The phases of the wind in these gales are, however, in all 
cases modified more or less by the course or changing position 
of the vessel exposed to its action. For example, a ship on 
taking the gale, say at E.S.E. at the point h on the figure, and 
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\yiag to with her head to the northa'ard, niaj by that mcaoc 
be brought to intersect the storm on thi: line hi, at the ptnnt t, 
would suddenly be taken aback, with the wind, say at N.N.W, 
as in the case of the Jamaica homeward- bound fleet in ITSSj 
and the barometer, which reaches its loweit depression under 
the central portion of the storm, would alxiiit this period be 
found to have commenced rising with some degree of rapidity. 

A further reference to the figure will shew that a ship, whidi 
may be at the point G during the passage of ihe gale, would 
be exposed to a heavy swell from the southward and westward; 
but, being beyond (he organized limits of the storm, may re- 
main entirely unatTected by the violence of the wii>d, which U 
the same time may be raging with destructi^'e fury at the dia. 
tacce of a few leagues. The writer has knowledge of many 
such examples. 

It has been su^^ted that " the larboard tack is the proper 
one to he to on, as the wind will then be found to draw aft;" 
but this will frequently prove erroneous, as the wind may draw 
either way, on either tack, according to the position and coune 
oi the ship, in the storm, and the extent and rate of prc^reu 
of the latter. In the case of the fleet which encountered the 
gale of 178S, it was probably the best course (o carry sail to 
the northward at the very commencement of the gale and as 
far and as long as possible. By this means the fieet mig* :, 
perhaps, have been drawn as far northward a& the poiot A on 
the figure, and the change of wind to the northward and we«U 
ward would have been rendered inure gradual. Tlie chief <Uf. 
ficulty and danger, is when the direction of the wind at the firtt 
setting in of the gale, is found to be nearly at right angles with 
the known courses of the storms in the region where the gait 
is encountered, and it is then desirable to pursue such a course 
as to avoid, if possible, falling into the heart of the storm. 

It frequently happens that a slonu, during the first part of 
its progress over a given point, fails to take effect u{K>it the sur- 
face, while it exhibits its full activity at a greater altitude 
This commonly happens tihen this portion of the storm arrives 
from, or has recently blown over, a more elevated country, or is 
passing or blowing from the land to the se^ On land, the 
most vicJent eftects are usually felt from those stonna which 
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coter end blow from the oppn oceui upon the sltores of an island 

continent. Upon the latter, under such circumstances, the 
first part of the gale is usually the moat severe, and that coast 
o£ an island upon whidi a Hiorm first enters, or blows, also 
•ufibrs most from the early part of the gnle, but its latter, or 
leccdiiiy part, often acta with the greatest fury upon the oppo- 
Bte side (rf the island, which had previously derived some de- 
l^ree of shelter from the intermediate clevatious and other ob- 
rtacles opposed to the force of the wind, the benefit of which is 
BOW lost by its counter direction from the open ocean. Owing 
to similar causes, the force of the storm is sometimes very lui- 
equal at diiferent places, situatefl in nearly the same part of its 
track, and sucli inequality, an we have liefore intimated, nece»- 
luily pertains to two places, one of which is near the centre, 
and the other towards the margin of the route. 

Of Uie multitude of facts by wbich these views might be il- 
lustrated, we will only state, that in the late hurricane at 13ar- 
ImuIocs (th»t of August 1831), the trees near the northern coast 
of that island lay from N.N.W. to S.S.E., having been pros- 
trated by a northerly wind in the earlier part of the storm, 
while in the inlenor and some other pnrts of the island, they 
jrere found to lie from fiouth to north, having fallen in the later 
^riod of the gale. Tiiat after the same hurricane, advices 
Jjhat were received frcnn the islands of St Ccoix and Porto llico 
^which lay near the northern margin of its track), stated that 
Ito hurricane had been experienced at thedc islands; hut It af- 
terwards appeared that some portions of tliese islands had siif- 
iered damage from this hurricane in the night of the 12th to 
}Sth of August, two days after it passed over the island of 
farbadoee. — That tlie sea-islands which border the coast of 
-Georgia and the Caroliuas, are known to sufi'er greatly from 
these tempests, while httle or no injury is sustained in the in- 
lierior at the distance of a few miles frcnn the coast. One of 
HkM most striking characteristics of these storms, is tiic Iteavjf 
iwtB which in open sea is often known to extend itself on both 
Mdes of the track, entirely bcytHid the range of the gale by 
which it was produced. The last hurricane to which we have 
idluded, threw its swell with tremendous force upon the north- 
ern shores of Jamaica, having passed to the northward of that 
uiaod. 
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So strong is the influence of oitr established modes of think- 
ing on this subject, that it seems to be diflicult, even for those 
who admit the rotative character of these hurricanes, to under- 
stand correctly the true bearing and relations of the diiFerent 
phases of the wind, which are presented as two or more points 
or places visited by the same storm, unless the subject has been 
thoroughly and carefully studied. Speculative opinions, also, 
upon the course of a storm, are usually, if not always, founded 
upon the erroneous notion of a rectilinear course in the wind. 
In the accounts received of the hurricane at Darbadoes on the 
3d of September 1835, which raged for a few hours from E.N. 
E,, fears were expressed for the safety of the islands to the 
northward ; but subsequent intelligence from Guadaloupe and 
Martinico, shewed that the gale had not extended to these 
islands. Had the direction and changes of the wind in this 
storm been viewed in their true relations, it would have been 
perceived that the heart of the gale must have passed to the 
southward of Barbadoes ; and, as a general rule in the West 
India latitudes, where the onset of the storm is found to be in 
the general direction of the trade-wind, or more eastward, the 
observer may consider himself as under the northeru verge of 
the gale ; but if the onset of the gale be from the north-west- 
ward, veering afterwards by west to the southern quarter, the 
beart of the storm will be found to have passed to the nortb- 
ward of the point of observation, the latter being undea: the 
southern margin of the gale. 

In order to illustrate the foregoing statements, I annex a 
chart of the Western Atlantic, on which is delineated the route 
of several hurricanes and storms, as derived from numerous 
accounts which are in my possession, by which their prt^^ress 
is specifically identified from day to day, during that part of 
their route which appears on the chart. 

The route designed as No. I, is that of the hurricaDe which 
visited the islands of Trinidad, Tobago, and Grenada, on the 
S3d of June 1831. Pursuing its course through the Cari[>> 
bean Sea, it was subsequently encountered by H. M. Schooner 
Minx, and other vessels, and its swell was thrown with great 
force upon the south-eastern sliores of Jamaica on the S5th, 
while passing that island, where the wind, at this time, wts 
light from the northward. After sweeping through the Carib- 
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■bean Sea, tliis hurricane entered upon the coast of Yucataa, on 
■the night of June 27lh, having maved over the entire route 

■ from Trinidad to the western shore of the Bo^ of Honduras 
Kki little mure than one hundred hours, a distance of about 
■ll^venteen hundred nautical miles, which is equal to nearly 
■aeventeen miles an hour. I have no a[:count of this storm af- 
Witer it crossed the peninsula of Yucatan, and it is probable that 

■ It did not again act with violence upon the ocean leveL Its 
ftcourse or track to Honduras was N. 74° W. 

I Track No. II, tliat of the memorable hurricane which de- 
liBoIated Barbadoes on the night of August 10. 1831, and which 

■ parsed Porto-Rico on the ISth, Aiix-Cayes, and St Jago de 
■Cuba on t!je I3th, Matanzas on the 14th, was encountered off 
W.&e Tortugas on the 15th ; in the Gulf of Mexico on the 16th, 
f and was at Mobile, Pensacola, and New Orleans on the ITth ; 

a distance of IfOOO nautical mile.s in about 150 hours, equal to 

something more than 13^ miles an hour.* Its course, until it 

crossed the tropic of Cancer, was N. 64° W., or W. N. W. 

»rly. In pursuing its northern cour&e, after leaving the 

Bbcean level, it must have encountered the mountain region of the 

Alleganies, and was perhaps disorganized by the resistance op- 

1 by these elevations. It a])pears, however, to have caused 

mbe»vy rains in a large extent of cuuntry lying north-eastward 

f of ihe Gulf of Mexico.t 



* SIt Purd; slates tiiat ibis gale was felt at Naldies, 300 miles up tlie 
UlgsUalppL 

n article which was published in the April number of the jtmrrican 
al nf Seienrf, I Itlempleil to shew thai ilormi and hvrritanei canriil in lh» 
^Wufar ffs^larg aoHan or aarton of a progreirine body ^ almotphere, which ae- 
is the sale cause of the viuience which the; may exhibit i and that the 
■tomis of the AtlaoUc Ocean are drifted in a determinate direction, conform- 
lug to that of the general atmospheric current of the regian in which the; 
occur. The late hurricane in the West IndlEa. liaving from Its peculisc vio- 
leoce attracted considerable attention, I a-m induced to offer vou the fallow- 
ing notices of its appearance and progress, which have been obtained from 
various aources. 

The earliest accounls ore from tbe Island of Barbadoes, where the burn- 

eane raged wilh great violence on the night following the 10th of August. 

Oo the llth it passed over the islandi of St Vincent, ond St Lucia, eitend- 

lag a portion of its influence to Marttnico and the neighbouring islands on 

Lib* BOTtl^ and to Grenada on the south, but exhibiting its principal violenc* 

TOL. XXIV. KO. XLVIII. — ArSIL 18,^8. Y 
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Track No. III. is that of the destructive hurricane whid 
swept over the Windward Islands on the 17th of August 1827; 



between 12° 30',nnd U'SfCuf north klitude. On the lath it arrived <ro thr 
MUthern Loaat of the Island of Porto Rico, From the ISlh to Ibe ISUi 
iwepl over the island of Hnvti or Si Domingo, and eileDded its influcm 
M far southwird as Jimaiea. On tfa? I3th it mgud on the eaitem portion tf 
CuIh, iwccplng in its course over large districta, if not the whole of thai 
tenaive island. On the 1 4th it was at Havanna, toirard^ the west end of ite 
Mme laland. Of its progress an the ISth we have no distinct aceount^* 
but on the 16lh and lyih it arrived on the northern shores of Lhe Gulf tf 
HeKico, in about the SOth degree of north latitude, raging aimultaneoui^ 
■t PensBCola, Jlobile, and New Orleans, where its eflects were contintied till 
the ISUi; thus having occupied a period of us days in its passage 
BarbadoeB to New Orleans. 

From the const of the Oulfof MeKico the itorm entered upon the 
tories of the adjoining States, where it appears to have spent itself in beaff 
nlns. If its peculiar action was longer continued, it muit have been nnlf 
In the bi|cher atmosphere, m we have nu account of an; violent effects at ttie 
mrfsce nearer than the southern States. 

When BCcounts of liurricaneB wc?re fjnnerlv received, as occurring at dif 
ferent Islands, on various dales, with marked differences also in the dlnct, 
tion of the wind, it was taken far granted that those violent winds NUt 
rmtdintar in their course, and that su>-h accounts, in most cases, related tl 
dlfitrent storms. We now discover, however. Ihat there is no diiRcubv bl 
tracing these stornis succe^ivel; from one island or locality to anoUitT, aD& 
the direction of the wind at any one point or place u found to have tio eoa* 
nexion with the generul prcgreas or direction cftbe storm. 

At roost of the islands, during the lale hurricane, the winds in the etHicf ' 
part of the storm were from a northern quarter, and in its later iienod*, fiwa 
a SDLilhem quarter of the horizon ; from which it results Ifaut the gyratory i 
action was from right to left, as in the storms which pass to the northwud nC^ 
the great islands, and along our Atlantic coast The distance passed am 
bv the storm in its passage from Jlarhadoes to New Orleans, is equal to taMQ" 
iArrn hundred itatule miits. The time of passage being six days, gives an av>> 
mge rate of shout sixteen miles an hour, which accords with the rate of pio- 
ffreas which I had previously ascribed to the storms of that region. 

This hurricane appeared in a more southern latitude than those whidl are 
described in my article before mentioned, but pursued lhe same general dU 
icctlon as that which occurred nl the same season in ISM, passiog over or M 
southward of the great islands, and across the Gulf of Mexico, with a OHUM 
curving northwardly as it approached the American coast. Hence It (bUowi^ 
that its atmosphere must have subsequently passed over a considerable por. 
tion, if not the whole, of the Atlantic Stales, acconling to the prevailiDg ten- 
dency of the general atmospheric current In this iiart of the globe. In (IS 
progreu Irom Bsrbadoei to New Orleeni, the itarm was constantly enlaiK- 
• Od Uw lM>i tht |ala was (ooiuaURd gff Ih* Tgrni^ii. 
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H-Vtfiited St Martiu's and gt Thomas's oQ the 18th ; passed the 
H north-east coast of Hayti on the 19th ; Turks' Island on the 
V iSOth ; the Bahamas on the 21st and 32d ; was encounteml i^ 
the coast of Florida and South Carolina on the SSd aoil £4th ; 
off Cape Hattcrass on the 23th ; off the Delaware on the S6th ; 
off Nantucket on the 27th ; and off Sable Island, and the Por- 
poise Bank, on the !2Sth. Its ascertained course and progress 
IE nearly SOOO uides,* in about eleven days ; or at tlie average 
rate of about eleven miles an hour. The direction of its route 
L before crossing the tropic, may be set down at N. 61* W., and 
1 lat. 40" while moving eastward, of N. JjS" £. 
Track No. IV. is that of the extensive hurricane of Septem- 
Wbtr 1804. It swept over the Windward Islands on the Sd of 
K'Aat month; the Virgin Islands and Porto Rico on the 4th ; 
F-7urks' Island on the 5th ; the Bahamas and Gulf of Florida 
"lOn the 6th ; the coast of Georgia and the Carolinas of the 7th ; 
the great bays of Chesapeake and Delaware, and the contigu- 
ous portions of Virginia, Marjland, and New Jersey, on the 
&b; and the states of Massachussetts, New Hampshire and 
Ituoe on the 9th ; being on the highlands of New Hampshire, a 
vioWot snow-storm. The destructive action of this storm was 
■idely extended on both sides of the track indicated upon the 
chart, and the same fact pertains, in a greater or less degree, 
to the other storms herein mentioned. It appears to have 
|)«sacd from Martinico, and the other Wiiidward Islands, to 
in Ma^saciiusetts, by the usual curvibnear route in 
(out six days ; a distance of more than 22lK) miles, at an ave- 
e progress of about 154 miles per hour. 

lag in iti dimeusioTis and s|ihere nf action, which is shewn hy its increiisilig 
dimtioa la il proceeiled weatward, as well as b.r atfai>r evidence. 

It il perbapo worthy of notice, tbnt the peculiar aspect of our atmosphere, 
togetber witb the unusual colour and appearance ul'tiie sun, which excited so 
much attention a few weeks ago, was exhibited a few darg after the occur- 
Teact tif the buiricBne at Barbndoes; aod at Mobile and New Orleaia, wa> 
tlw immediate precursor of the storm. 

N.B. — To the list of localities in which the ueond hurricane of August 
1830, exhibited its violence, as publiahed in the Journal of Scieni^e, that of 
Martll^cD taxj be prelixed; at ohich inland the southern margin of that 

ttonn ifaeired itself on the night of the 191b-20t!i of that moBCb. 
* jlU the distances ore expressed in nautical miles. 
y2 
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Track No. V. represents the route of the hurricane whicJ 
ravaged tlie islands of Antigua, Nevis, and St Eitt's, on the 
afternoon and uight of August 19. 1835; St Thomas St 
Croix, and Porto llico on the 13th ; Hayti and Turks' Island 
on the 14th; the vitinity of Alatanzas and Havanna on tha 
15th ; was encountered ofl' the Tortugas in the Gulf of JViexico 
on the 16th ; in lat. 27° SI' long. 94', and other points on the 
17th and ISth ; and also at Metamora on the coast of Mexico 
(lat, 26° 04') on the 18lh, where it was most violent during the 
Gucceeding night." This storm is remarkable, as moving more 
directly, and farther to the west, than is usual for storms whidl 
pass near the West India Islands, it having reached the shor 
of Mexico before commencing its sweep to the northward. I 
course, bo far as known, is N. 73° W. Its progress more ihM 
S900 miles in 6 days, which is nearly equal to 15^ miles p 
hour. 

Track No. VI. is that of the memorable gale of August 18M 
which, passing close by the Windward Islands, visited i 
Thomas's on the ISth ; was near Turks' Island on the 13th; 
at the Bahamas on tlie 14th ; on the gulf and coast of Floridi 
on the 15th ; along the coast of Georgia and the Carolinas an 
the 1 6th ; oiF Virginia, Maryland, New Jersey, and New Yo^ 
on the 17th; off George's Bank and Cape Sable on the IStbj 
and over the Porpoise and Newfoundland Banks on the 19d 
of the same montli, having occupied about seven days in i 
ascertained course from near the Windward Islands, a dtstaoQ 
of more than SOOO miles — the rate of its progress being eqiu 
to 18 miles an huur.t If we suppose the actual velocity of th 



■ Since llie above wiis crritteii, it is uacerUined that lliii alann alM pMM 
over GalvcBton Bay, an tbi; coail of Texas, vibete tbe buiricane blew vlt 
vlolenL'e from tbe nortb-east, while at the moutb of tbe Miuiuippi tai aloa 
the northern abures of tbe gulT, Ibo gile woa nut felt. Sucli fiuts sppa 
quite EUtOcienl to oT^rthrow tbe bj'pothesls of Franklin relnting to nortl 
eut slonns, an'l are c<iuii11y futsl to the mure common theories. At G«l*« 
ton tills storm, In passing over, rt«red by east to the south-east ; the ralhM 
of which may he made evident b.v draving a tine through the northem lU 
□r tbe figure on tbe chart, parallel to the track of the slomi. A little 
attention to the figure will also illustrate Ibe general character oi the> 
which are so common on the coast of Mexico, during a cocdder»Ue 
of the year. 

t For a more extended notice of this atsnu, see American Journal of 
enccj vol. xx. fp- 34.^ 
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■wind, in its rotatory movement, to bo five times greater than 
this rate of progress, which i§ not beyond the known velocity 
of sueh winds, it will be found equal, in this period, to a rec- 
tilineal course of 15,000 miles. The same remark applies, in 
substance, to all the storms which are passing under our re- 
What stronger evidence of the rotative action can be 
required, than is afforded by this single consideration, 

R6nte No, VII. is that of an extensive gale, or hurricane, 
vbich swept over the western Atlantic in 1830, and which was 
encountered to the northward of the West India Islands on the 
JE9th of September. Ii passed on a more eastern route than any 
which we have occasion to describe, to the vicinity of the grand 
Bonk of Newfoundland, whereit wasfound on the 2d of October, 
baving caused great damage and destruction on its widely ex- 
tended track to the many vessels which fell on Its way. Its course 
s quite analogous to that which we have considered as having 
Jeen probably pursued by the hurricane of October 3. 1780. 

E'he ascertained route may be estimated at 1800 miles, and the 
verage progress of the storm at 25 miles an hour. 
Route No, Vlir. is that of a much smaller, but extremely 
violent hurricane, which was encountered off Turks' Island on 
itte lit of September 1821 ; to the northward of the Bahamas 
■nd near the latitude of 30° on the 3d ; and on the coast of the 
Carolinas early in the morning of the 3d ; and from thence, 
}a the course of that day, along the sea-coast to New York and 
Long Island, and which, on the night following, continuetl its 
wurse across the states of Connecticut, Massachusetts, New 
Hampshire, and Maine. We are not in possession of accounts 
[)y which its farther progress can be successfully traced." The 
lidiameter of this storm appears not to have greatly exceeded 
300 miles; its ascertained route and progress, is about 1800 
ittulea in 60 hours ; equal to 30 miles an hour. 

The last mentioned route may also be considered to be near- 
ly the same as that of a similar, hut less violent storm, which 
rept along the same portion of the coast of the United States 
1 the 28lh of April 1835. 
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No. IX. represents the route of a violent and extensive hur- 
ricane, wbich was encountered to the northward of Turks' 
Island on the 22d of August 1830 ; northward of the Bahama* 
on the 23d ; and off the coast of the United States on the 24tb, 
25tli, and 26th of the same month. 

Much daoiage was done on the ocean b; this Btonn : but it 
scarcely reached the American shores. Its duration off this 
coast, was ubout 40 hours, and its progress appears to have 
been more tardy than that of some other storms. 

No. X. represents the track of a violent hurricane and snov- 
stonn, which swept along the American coa.'it from the latitude 
of 90= N. on the 5th and Glh of December 1830. 

The last- mentioned track also corresponds to that of another 
storm of like character, which swept along the sea-coast on the 
I3th, 14th, and 15th of January 1831. These violent winter 
storms exhibit nearly the same phases of wind and general ch«- 
racteriatics, as those which appear in the summer or autumn. 

Track No. XI. represents a portion of the general route of 
the violent inland storm which swept over the lakes Erie sod 
Ontario on the 11th of November 1835. This storm was very 
extensive, spreading from the eea-coast of Virginia into the 
Canadas, to a limit at present unknown. The anterior portion 
of this gale was but moderat«Hy felt, and its access was noted, 
chiefly, by the direction of the wind, and the great fall of the 
barometer ; the violence of the storm being chiefly exhibited 
by the posterior and colder portion of the gale, as is coniroon 
with extensive overland storms. The regular prt^ression of 
this storm in an easterly direction is clearly established, by 
facts collected by the writer, from the borders of Lake Midli- 
gan to the Gulf of St Lawrence and the sea-coasts of New £i^< 
land and Nova Scotia. 

We have thus given a summary description of the roote of 
twelve storms, or hurricanes, which have visited the American 
coasts and seas, at various periods, and at diiferent s^asoiu of 
the year. The lines on the chart, which represent the routes, 
are but approximations to the centre of the track, or course, of 
the several storms ; and the gales are to be considered as ex- 
tending their rotative circuit from SO to SCO miles, or more, 
on each side of the delineations; the superGcial extent of the 
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storm being estimAted both by actual information and by its 
duration at any point near the central portion of its route, afl 
compared with its average rate of progress. The figure which 
appears upon the chart, on Tracks No. I, V, and VI I, will servo, 
in some degree, to illustrate the course of the wind iii the va- 
rious portions of the superncies covered by the storm, and also 
to explain the changes in the direction of the wind which occur 
successively at various points, during the regular profjress of 
the gale. The dimensions of the s^-eral storms appear also U> 
have gradually expanded during their course. 

Storms of this character do not often act with great violence 
on any considerable extent of interior country to which they 
may arrive. Even upon the coasts on which they enter, such 
violence is not often experienced under the posterior limb of the 
gale which sweeps back from its circuit over the land, the 
usual woodlands and elevations being a sufficient protection. 
Often, indeed, the interior elevations afford such shelter as en- 
tirely to neutralize the effect of the wind at and near the sur> 
face, and the presence and passage of the hurricane is, in such 
cases, to be noted chieiiy by the unusual depression, which the 
great whirling movement of the incumbent stratum of air pro- 
duces in the mercury of the barometer, which thus indicates the 
presence or passage of the hurricane, in positions where the 
force of the wind is not felt at all, or only with a moderate d^ 
gree of violence. The action of these atornis appears, indeed, 
to be at first confined to the stratum or current of air moving 
next the earth's surface, and they seldom, while in this position, 
appear to exceed a mile or so in altitude; and the course of 
the next highest or overlaying stratum does not, in these cases, 
leem to be at all affected by the action of the storm below. 
During the progress, however, by the influence of high land 
and other causes, the storms often become transferred, in whole 
or in part, to the next higher stratum of current. Thus we 
sometimes see a stratum of clouds moving with the full velocity 
of a violent storm, while the stratum of surface wind is nearly 
at rest, or moves with its ordinary velocity ; and thus, also, it 
happens that balloons, ascending under such circumstances, 
■re carried forward with a velocity of from 60 to 100 miles 
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an hour. The foregoing remarks are by no means hypotheti- 

cal,biit are the result uf long continued observation and inquiry. 

It will hardly escape notice that the track of must of the 
hurricanes, as jiresented on the chart, appears lo form part of 
an elliptical or parabolic circuit, and this will be more obvious 
if wc make correction, in each case, for the slight distortion of 
the apparent course in the higher latitudes, which is produced 
by the plane projection. We are also struck with the fact 
that the vertex of the curve is uniformly found on or near the 
SOth degree of latitude. In connection with this fact it may 
also be noted, that the latitude of 30° marks the external U- 
mit of the trade winds, on both sides of the equator ; and, per- 
haps, it may not prove irrelevant to notice, even further, that 
by the parallel of 30°, the surface area, as well as the atmo- 
sphere of each hemisphere, is equally divided ; the aiea between 
this latitude and the equator being about equal to that of the 
entire surface between the same latitude and the pole. It is 
not intended, however, to make these facts the basis of any 
theoi'elical inductions on the present occasion. 

A variety of deductions may be drawn from the general facts 
which we have stated, some of which, though deeply interest- 
ing to the philosopher and votary of science, might be out of 
place in this short memoir. For ourselves, we disclaim any 
bondage to existing theories in meteorology ; and shall, on the 
present occasion, only proceed to notice a few of the more prac- 
tical inferences which, to navigators and others, may, perhaps, 
be of no doubtful ntility. 

1. A vessel bound to the eastward between the latitudes of 
SS" and 45° in the western part of the Atlantic, on bang 
overtaken by a gale which commences blowing from any point 
to the eastward of S.E. or E.S.E., may avoid some portion of 
its violence, by putting her head to the northward, and when 
the gale has veered sufficiently in the same direction, may safely 
resume her course. But by standing to the southward under 
like circumstances, she will probably fall into the heart of the 
storm. 

S. In the same region, vessels, on taking a gale from S.E, 
or points near thereto, will probably soon find themselves in 
the heart of the storm, and after its first fury is spent, may ez_ 
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pert its recurrence from the opposite quarter. The most pro- 
mising mode of mitigating its ^nalence, and at the same time 
shortening its duration, is to stand to the southward upon the 
wind, as long as may be necessary or possible ; and if tile move- 
ment succeeds, the wind will gradually head you oif in the same 
direction. If it becomes necessary to heavc-to, and the wind 
do€B not veer, be prepared for a blast from the north-west. 

3. In the same latitudes a vessel scudding in a gale, with the 
wind at east or north-east, shortens its duration. On the con- 
trary, a vessel scudding before a south-westerly or westerly gale, 
will thereby increase its duration. 

4. A vessel which is pursuing her course to the westward or 
south-westward, in this part of the Atlantic, meets the storms 
in their course, and thereby shortens the periods of their occur- 
rence, and will encounter more gales in an equal number of 
days than if stationary, or sailing in a different direction. 

6. On the other hand, vessels, while sailing to the eastward ot 
north-eastward, or in the course of the storms, will lengthen the 
periods between their occurrence, and consequently experience 
them less frequently than vessels sailing on a difTL'rent course. 
The difference of exposure which results from these opposite 
courses on the American coast may in most cases be estimated 
as nearly two to one. 

6. The hazard from casualties, and of consequence the value 
of insurance, is enhanced or diminished by the direction of the 



passage. 



as shewn under the two last heads. 



7. As the ordinary routine of the winds and weather in these 
latitudes often corresponds to the phases which arc exhibited by 
the storms as before described, a. correct opinion, founded upon 
this resemblance, can often be formed of the approaching 
changes of wind and weather, which may be highly useful to 
the observing navigator. 

8. It will be perceived from the foregoing facts, that the oc- 
currence of a storm at a particular locality has no immediate 
connection with astronomical periods, such as the changes of 
the moon, or the time of the equinoxes. 

9. A due consideration of the facts which have been stated, 
particularly those under our twelfth head, will inspire ad- 
ditional confidence in the indications of the iorone/er, and these 
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ought not to be neglected, eveu stioutd the fall of the mercury 
be unattended by any appearances of violence in tiie weather, as 
the other side of die gale will be pretty sure to take eM«ct, 
and often in a nianner eo sudilen and violent an to more than 
compensate for its previous forbearance. Not thepe&st reltaott^ 
however, slioutd be placed upon the prognostics which are uao- 
ally attached to the scale of the barometer, such as Set-Fair, 
Fair, Change, Rain, Sic, as in this region at least, they serve 
no other purpose than to bring this valuable instrument into 
discredit. It is the mere rising and falhng of the mercuiy 
which chiefly deserves attention, and not its conformity to a par* 
ticular point in the scale of elevation. 

10. These practical inferences apply in lenns chiefly to stomia 
which have passed to the northward of the SOth degree of lati- 
tude on the American coast, but, with the necessary modifica- 
tion as to the point of the compass, which result* from the 
westerly course pursued by the storm while in the lower lati- 
tudes, are, for the most part, equally applicable to the ^torou 
and hurricanes which occur in the West Indies, and south of 
the parallel of 30°. As the marked occurrence of tempefttuouf 
weather is here less frequent, it may be sufficient to notice, that 
the direction of the winds of the West Indian seas is from 8 to 
11 points of the com'pas.s more to (he lejl than on the coast of the 
United Slates in the latitude of New York. 

Vicissitudes of winds and weather on this coast which do doC 
conform to the foregoing specifications are more frequent in 
April, May, and June, than in other months. At this season 
it is not uncommon to find a regular current of easterly wind 
prevailing for many days, producing sometimes heavv rains, and 
always an elevated state of the barometer. Easterly or south- 
erly winds, under which the barometer rises or maintains its ele- 
vation, are not of a gyratory or stormy character ; but such 
winds frequently terminate in the falling of the barometer, and 
the usual phenomena of an easterly storm. 

The typhoons and storms of the China sea and eastern cout 
of Asia appear to be similar in character to the hurricanes of 
the West Indies, and the storms of the North American coast, 
when prevailing in the same latitudes. There is reaoon to be- 
lieve that the great circuits of wind, of which the trade wind* 
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form sn iategral part, are nearly uniform in all the great 
oceanic basins ; and that the courae of these circuits, and of the 
stormy gyrations which they may contain, is, in the southern 
hemisphere, in comiler dirfctioii to those north of the eijuator^ 
producing a corresponding difference in the general phases of 
stxirms and winds in the two hemispheres. From the foregoing 
results we infer the value and importance of correct marine re- 
ports relating to violent gales. These reports should always 
comprise the ilaU, the latitude and longitude, and the principal 
direction and changes of the loind. 



On the Differences of the Lama regidatiTig Vital and Phtfstcal 
Phenomena. By William B. Cari-cntek, M. R. C. S., 
late President of the Royal Medical and Royal Physical 
Societies, Edinburgh.* Communicated hy the Author. 



1. All the knowledge which man possesses of the external 
world is derived from the impressions made by matter, under 
some of its forms, upon his organs of sense, which excite sensa- 
tions, perceptions, and reasoning processes in his mind. 

2. Of matter, in the abstract, man has no definite idea ; he 
judges of it only by its properties ; and as his notion of these 
properties results simply from the changes produced in bis 
organs of sensation, the term " properties of matter" expresses 
nothing else than the relations between matter and the perci- 
pimt mind. And just as the occasional varieties in the confor- 
mation of the organs of the senses lead to a different apprecia* 
tion of certain of these properties (e. g. as regards colour or 
sound), in certain minds, so is it possible to conceive that beings 
might be created whose organs should take cognisance of a set 



" The following paper cotifltitutes a. porlion of the essay to which wm re- 
centlr adjudged the prize annuallj raised bj the cpntributions of the students, 
and awarded by the Professors, of the University of Edinburnh. Circum- 
stances, which it is unnecesaarr to spedfT, have rendered it desirable not to 
pabHsb, in its present form, the divlition of the essay comprehended in g 9_ 
30 i an abstract uf which has been Introduced, bowever, (ur the pnrpoae of 
shewing the course of the argument. 
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of properties appertaining to matter, of which man, as at pre- 
sent formed, has no conception. 

3. The properties qfrnnttcr may be cUssed in various wayi ;• 
some are uaivcraaUy possessed by all matter which comes under 
our cognisance; and our most definite notion of matter is 
therefore compounded of the ideas which they excite; even 
these, however, do not lead us to the knowledge of the enti^ 
or.substance to which they belong ; and it is generally allowed 
that " we are entirely ignorant of the real constitution of mat- 
ter, the cause from which the most universal and essential of 
its properties arise," Besides these universal properties, how. 
ever, there are others partially distributed among material 
bodies, of whose cause we are equally ignorant, hut whose va- 
rieties (mostly recognisable by the organs of special sense) lead 
to all our knowledge of the particular forms and qualities of 
Diatter.-l- 

4. Our ideas of the external or e\-ident characters of material 
bodies, are simply derived from the changes produced by them 
(whilst themselves inactive) upon the organs of sense. It is pro- 
bable that these primary impressions are of a material nature ; 
and that the human mind, in the present stage of its existence, 
cannot take cognisance of any of the properties of matter, ex- 
cept by such material changes propagated from the extremities 
of the nervous system to the central scnsorium.I If this be 



■ Of the ancient meUphysical distribulion of Ihe properties of matter into 
the ptimaTy or cucniial. and the lecandary nr acddcnlat, It \» scorcelji nec^uuj 
bere to treat, since tills distribution vas nut (bunded on the retpecUve iMi. 
wrioJifjiorjjarfialUyof iLeseprapertieSfbul on theirsuppoied connection vilh 
what was regarded as the tiindamental or pciniarv chsracler of matter, vm., 
lt« oecupalion of spnce. (See Adam Smith on the External Senses, and 
Pricbard 00 the Vital Principle, p. *3.) 

t The sense of Touch, considered in its simple and passive state, leads oaljr 
to ihe idea of roiifnnce ; and bence to the knoivledge of the uoifereal jiro- 
petties of matter. When actively employed iu cambination with other more 
special sensationSj it leads to the appreciation of thoieeitemal forms and cha- 
racters of matter whidi are liable to constant variation. 

i "The impressions eiclteil in u» b/ external objects are the results of 
certain actions and procesBei, in which sensible objects and the material 
parts of ourselves are directly concerned." Uerscbel's Frelimkuary Ditcoune, 
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the case, what is true of a great number of instances may be 
stated as a general proposition, — that none of the properties of 
a material body can be recognised by the mind, except when 
that body is placed in relation with some other, and an action 
of some kind occurs between them. That this is true of many 
properties, as that of gravitation, is self-eTident. If hut one 
mass of matter existed in the universe, it might be endowed 
with all the properties which we are accustomed to regard- as 
essential to matter ; and yet, from the property of gravitation 
never being brought into action, the mind would remain igno- 
rant of it. 

The rame miy be said of elcctricitT, which Is probRblj to be r^irdcd not 
u a dUtinrt «ntit]', but us a unirerml propertv of matter. 

In these latter cases, the body itself must undergo a change 
in state or situation, in order that its occult properties may be 
manifested, and until it has been placed in circumstances by 
which the existence of such properties can be tested, we have 
no means of judging of their presence or absence. 

Thus, supposing a n^tr mrtnl to be discnrerei], we bUouM not be able to 
tMj a priori whellier or Dot il hud magnetic properties ; we could only deter- 
mine this by experiment. Further, until our experimenla have been Tarjed 
in every conceivable manner, we have no right to judge of Ihe absence of 
nicb a property ; thus Faniday has sbevn that it is by no means impossible 
that all metals are possessed of magnetic properties, withiti « limited nuige 
of temperature. 

5. Still, therefore, keeping in view the statement with which 
we set out, that the term " property of matter" expresses no 
more than a certain relation between metier and mind, we may 
regard it as implying a capability of producing or of undergo- 
ing a change when the body is placed in conditions adapted to 
manifest it.* If this change be immediately produced on any 
of the organs of sense, when the body is brought into relation 
with it, the property may be regardetl as of an evident nature ; 
if an action with some other body be required to manifest the 
properly of the senses, the property may be designated as occuU. 
This distinction though not perhaps metaphysically correct, 

" If all the objects in nature leniained constantly at rest, it Is very eri- 
dent that we could hare no notluD of any properly of matter wbateTcr.* 
Brown's Lectures, p. 26. 
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vill be found useful for practical purposes, nnd will befi^ 
quently referred to in subsequent observations. 

6. The manifestntion of the properties of matter, in the ac- 
tions wbicb bodies, placed in certain relations to one aDottwr, 
present to our observation, gives rise to our idea of poutr. 
Thus, when two bodies possessed of tlie property of gravitation 
are placed within the sphere of eacli other's attraction, the potetr 
(^gravity is developed, and manifested by their approach to 
one another. Or wlien a piece of iron is brought near a magnet, 
the electric equilibrium of the former i& disturbed, and the at- 
traction caused by the opposite electric stale of the neighbouring 
parts of the two bodies gives rise to their tendency to approiti- 
tnate; or in common language^ the mf^iffic poTcer causes their 
motion towards each other. Of the abstract nature of any 
power, as of matter itself, we know nothing ; it is only recog- 
nisable by its effects ; but it is, as we have seen, to tie tllti- 
mately referred to the properliea of matter, which may be re- 
garded as axioms or postulates in any course of reasoning 
founded upon them. Of power as a cause of effects, it is gene- 
rally acknowledged that we judge of it only by its invariaUe 
connection with subsequent phenomena. 

7. To the term principle no very definite meaning can be at- 
tached. It has been remarked that " this word, characteristic 
of a less advanced state of science, has been generally eraplnved 
(as the final letters of tlie alpiiabct are used by algebraists) to 
denote an unknown element, which, when thus expressed, is 
more conveniently analysed."" Thus we s]>eak of the principle 
of electricity, or of the principle of magnetism, as the unknown 
causes of certain phenomena that are as yet imperfectly under- 
stood. When the laws of these phenomena, however, are per- 
fectly ascertained, they terminate in referring all of them to 
simple properties of matter, from which they may be deduced 
by demonstrative reasoning, just as all geometrical theorems 
are foundetl on the axioms first assumed. It has been in the 
science of hfe that the term Principle has been most used, and 
most abused ; the conditions of vital phenomena are not yet de- 
termined with sufficient precisian to enable us to refer all ob- 

" Mayo'» Phyaiology, p. 3. 
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■erred facts through the medium of general laws to Mmple vital 
properties ; and the terra vital principle has heen used at a con- 
Tenient expression for ihe sum of tlie unknonn power*, which 
are developed by these properties in action. This at least is its 
true signification among those who have nut regarded it as a 
distinct intelligent agent. But whon these vital properties shall 
have been so far unveiled, and their laws so fully ascertained 
that we can reason deductively friiin thein, then the term Vital 
Principle will become wholly useless, except as a comprehensive 
expression of the mm of the properties of living organized mat- 
ter not possessed by bodies in general. But perhaps it may be 
Speculated without improbabihty that the vital and phytical 
properties of matter may ultimately be shewn to result from 
some higher, more general quality ; an advance in the path of 
philosophy, should it ever be proved, far beyond any which 
has been already attained, or which we have in immediate 
prospect, 

8. The term law, which has been already more than once 
employed, expresses the conditions of action of the properties 
of matter. The Divine Creator of the universe " has, hy 
creating his materials, endued with certain fixed qualities and 
powers, impressed them in their origin with the spirit, not the 
letter, of his law, and made all their subsequent combinations 
and relations inevitable consequences of this first inipresson." • 
In our study of the phenomena of nature, it is our object to 
ascertain their laws by the inquiry into the conditions under 
which the occurrences present themselves ; and a law deduced 
from this source is nothing more than a general expression of 
the conditions common to a certain class of phenomena, leading 
US to the behef, that, under the same conditions, the same phe- 
nomena will constantly occur. When this is found to be the 
case by the experimental apjilication of the law to unknown 
CBMS, the law is said to be verified, and it may then fairly rank 
Bs a general fact to be included with others of like standing in 
8 still higher expression of the conditions common to all these, 
and therefore to all the particular instances included in them. 
By successive generalizations of this nature, we aim to ascend 

■ Honthern Prelimin»rjr DiKourie, p.37- 
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from the most complicated and restricted to the ronst simple 
and universal statement of the phenomena of the universe ; and 
in BO far as this is attained in every science, giving us the means 
not only of explaining new phenomena as they arise, but of 
predicting otherwise unespected occurrences, that science may 
be regarded as perfect. 

SaaiiBary i^ Section) 0-20, 
The object of these was to shew that there is nothing essratlall/ difimnt 
In the eharacler of the laws rt^latin;; vllnl and |ih}sii.iil phenatnena, either 
u to their comprehenaiveness, their uniformity' of ttction, or the mode in which 
the,r are to be established b.v Die f^eralizalion of pnrticular facts. Matter, 
In that form usually denominated inergBaiB, is possessed nf prD/wr/uw which ren- 
der It capable of perfonnini; a great verict7 of acfioiu, and of developing maoj 
pmctTi ; and the nature of the properties determines the conditions of actiOB, 
or, in other words, the laiBi qf pAyiicaf phejumena. Accordinf^ to our meana 
cf ubservini; the actions dependent upon the different properties in on inia- 
lated Ibrm (whether that insulation be natural or artificially contrived) are 
we able to arrive at the fullest knowledge of these properties ; and where the 
combinations, under which natural phenomena so frequently occur, are placed 
(m in meteoroluRical sclenct) beyond our power of onalyaing, although we 
may, through the assistance aifordeJ b_v collateral sciences, determiae moct 
or all of the laws in operation, ne are unable to apply these laws to the com- 
plete explanation of individual plienomena, or to the prediction of unexpected 
occurrences, owing to our ignorance uf the mode in wliitb they are combined, 
and the relative parts they play in the production of the elTects in queitiaib 

On the other hand, livins arganuied mailer is possessed of propertiei (a]q«- 
rently superadded to those of iuorgaoic matter) which render it capable of 
performing a great variety of aefioiu, and of giving rise to many pauirrt; and 
the nature of the properties determines the conditions of action, or, in other 
words, the Unm af vital phenomena. The peculiar difliculties which beset the 
Inveatigalion of these laws have greatly retarded our acquaintance with them, 
and, until a compiralively recent period, led to the belief that the inductlTv 
process was not applicable to their elucidation. It is obvious that these ^• 
Acuities are in many respects similar to those which presenc themselve* in the 
adence of meteorology j but we have Dot in the science of life the same onist- 
ance which meteorology has derived from the collateral branches of phUoto- 
pby, since to whatever degree the physical properties of matter are concerned 
In the actions of life, it would be absurd in the present state of our knowledge 
to deny the existence of a cUsi of viiat properties essentially distinct from 
these, and never manifesteil but by matter in that form whichis denominated 
orgiaiixed, and which the skill of man con never hope to produce or Imitate. 

21. When wc compare the constant changes which we en- 
counter in living organized beings, with the inert state of in- 
organic matter, we are cotiipelled to conclude, that to whatever 
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extent the forces which control the latter contribute to tlie 
action's going on in the former, there must be additional forces 
resulting from the operation of properties, to which we know 
nothing analogous elsewhere. The degree, liowever, in which 
these superadded properties harmonize or interfere with those 
common to other forms of matter, constitutes a fair and highly 
interesting branch of inquiry ; and it is & question of a still 
bjgher nature, whether the existence of vital properties is to be 
regarded as the fffect or the cause of the peculiar material con- 
stitution of the tissues which exhibit them f Each of these 
questions we shall now examine in some detail. 

It would be useless to refiipltulate the vatiaus opinions which have been 
al different times advutceJ regarding either of these subjects ; iliS*erent 
Vlllcn have espoused the opposite eilremes, some maiotaining that tbe ac- 
tkw performed by living beings are purely of a physical nature ; others, that 
phyikal powers are not concerned In them ; and others have even presumed 
upon the existence of a distinct intelllf^nce, "Divinie particuta aune," pre- 
Mitig orer the afiairs of each organiam. The truth appears, wllb r^ard to 
tliii^ in common with so many disputed questions, to be in the mean between 



82. The actions performed by living beings, the sum of 
vhich constitutes their life, may be divided into three classes. 
In the Jiral division may be included all those which are of a 
purely physical character, depending solely upon the common 
properties of matter, and performed by dead as well as by liv- 
ing organized substances, as long as no obvious change has 
taken place in their composition. The third division will com- 
prehend all those changes which result strictly from the vital 
properties of the living tissues, and which, therefore, entirely 
cease at the moment of death. The second or intermediate 
division includes all the changes in which physical laws may be 
regarded as the immediate agents, but in which the conditions 
of their operation are determined by the action of vital proper- 
ties. It will, we think, be found that all the changes by which 
the organism is immediately connected with the external world 
(whether those changes are a part of tlie organic or animal 
functions) belong to the^firsl class ; that the actions concerned 
in the conversion of the crude aliment, introduced from without 
into organizable materials, which may serve as the pabulum of 
the various tissues, are to be referred to the second class ; whilst 
the act of organixation, and the endowment of the newly 
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seen z'z.t.j: .--.iyxi to brlieve that the mere act of absoqmoD 
ii d j£ :: thr p!i;. ri.ii propertv already referred to, as the capa- 
hflity o: pr-.-ijcir.^' eridosroose. The succulent extremities of 
the jpungiole* in th-j perfect plant, or the tegumentaty mem- 
brane of t.he roo:Ic!^$ cryptogamia, ser\'e as the medium re^ 
quired for the process ; but it is important to keep in view, 

* Thin Umioa- of liaked pipe-claj are found to be excellent media for tlie 
production of endosmose ; and porous limestones possesss a similar propertj 
in an inferior degree — ^l>utrocliet*8 Memoires^ AnatomiqiMi at Fhjilol^' 
giques^ voL i. p. 23, kc. 
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iSuat, for its comtnenceinent and continuance, a constant differ- 
necesBarj in the density of the fluids on the two sitle* 
of the septum. This difference appears to be produced in the 
ing plant by the admixture of elaborated or descending, with 
B crvde or ost^nding sop ; and in consequence, a portion of 
e former is excreted from the roots by the action of exosmose. 
The cessation of this action of admixture (a change obviously 
dependent upon vital actions) at the death of the plant, fully 
accounts for the non-conti nuance of cndusnioHc, which might 
also be occasioned by the facility with which the delicate tissue 
of the spongioles undergoes disorganidng cliangea. It is aiao 
that the continuance of the- vital processes going on in 
Ae leaves is necessary for the removal of the imbibed fluid as 
as it b absorbed by the spongioles, just as the combustion 
at the oil at the apex of the wick is necessary for its continued 
Zbe by capillary action beneath ; * and it is now acknowie 
tbat the motion of the sap in spring commences at the extr 
of the branches, owing to the vital actions wbidi r 
the stimulus of heat and light, the endosmose not oi 
at the roots until the superincimibent column of fluid h 
drawn off". If these views be correct (and they are i 
O^adved by tJie few instances of selective absorption wliicb 
in plants, as these are readily explicable on this theory 
{Edin. Med. and Surg. Joitrn. xlviil p. 24), it follows that we 
■re to regard absorption as a change resulting primarily from 
Ae pkyaieal properties of the tissue, but dependent fur its cou- 
tkniance iipon actions of a vUal nature in other parts of tbe 



S5. fn the early stage of vegetable existence, before the evo- 
[ntnm of the organs, whose object is to convert the crude ali- 
into organizable materialB, the embryo is supplied with 
IWiimhraent already prepared by the parent. When, how- 
tbe plant has arrived at its full growth, its aliment is de- 
rirtd from the simplest materials, vi^, water, carbon, and, in a 

instances, azote ; and it is in tiie conversion of these into* i 
file organic compounds which are found in the nutritious juices 
of plautH, that we may recognise the action of physical laws, 

• Henslow'9 BoUiny, p. 178. 
«2 
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wilt' Vic v^Sdi ft liTing otgftnisiii alone 
esi R^^ir. Ii K iLT £s liie skill of the cbonist can imitate 

'ri.x« ^: irccixe smilar combinational 



:j a xriiz:. exi=c: ':e£c alreftdT effected : but even 

seise v^ beorre r'A: =>£ rsistcoce of vital properties is the 

:c :2ir wCziz:LL&b:c cjf ibe d&sae vhich manifests them, 

SssaEzr re :^r"T.^T£i e&cdng diax process, which seems 

=!ii^T irfpmSfn: oc ibe p?>erious existence of some 

crpr^Tr-Z boij. Tbe uiree great steps in the function 

ci ^sziZjLzcc. jiriz^ th-r &hscrp:£oa of aliment; tecond^ its 

ccci fTSpcc iz:^ rcgi— rVrVr rviicri^ or proximate principles ; 

zxirl^ ::^ crgi-'riroc ijji Tii&lixauon) present us with iUustra- 

noc* c£ ih-r :hr>ee diAse^ .^f acdocs which we assumed as ex- 

pressTe c£ d^ oxie ::: which the changes constituting life 

suj be rsos: s^zipiv azfi phflosophicallv distributed. But the 

cpinioQ here civrn «::h regsLrd to the formation of organic 

cocpouDCs, which we have ncfcrred to the action of chemical 

a£n:tT (l^liering the picculiaritT of the results to be due to the 

EKxie in which the eleccnis are presented to each other, rather 

than to any thing essentiaLv diJerent in the bond of union), is 

opposed lo that of manj eminent physiologists of the present 

day : and as it may be rvgorde^i as one of the most important 

questions in phy>:o!oirr, and one which the weight of the facts 

and arguments on eiiher side renders peculiarly open to discus* 

sion, we shall devote some space to the consideration of it. 

26. The question may be advantageously stated in its broad- 
est form, — *' Are the atfinities which hold together the elements 
of living bodies, and govern the elaboration of organic pro- 
ducij^ similar to, or distinct from, those which preside over in- 
organic compounds r*" On this question we find the greatest 
number of modern physiologists opposed in belief to the che* 
mists of the present day ; the former maintaining the existence 
of a distinct set of z-ital qffinUUSj sometimes, and indeed gene- 
rally, opposing the usual action of chemical laws ; the latter 
believing, that, however at first sight the actions of vital che- 
mistry may appear inexplicable by the known laws of affinity, 
they are to be ultimately explained on the same general prin- 
ciples. The physiologist points to the evident truth, that the 
tissues and fluids which maintain a certain composition whilst 
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possessed of vitality, speedily resolve themselves into new com- 
binations, a fact so obvious that it has given rise to the well 
Jinown definition of li/c, that is, the power by which decompo- 
atioQ is resisted. Hence it is inferred, that the affinities which 
hold together the elements during life are of a diflerent nature 
from those which operate in producing their subsequent sepa- 
ration. Now, it may be replied to this argument, that no solid 
or fluid compounds which have a disposition to spontaneous 
decay after death, can continue to exist without change during 
life ; that the activity of the processes of interstitial absurp* 
tion and reposition seems to bear a pretty constant ratio in every 
case with the natural tendency to decomposition ; and that the 
maintenance of the original combination is not so much owing 
to any thing peculiar in its vital nffinil'ies, as to the constant pro- 
_ visioD for the removal of particles in a slate of incipient decay, 
ksnd their replacement by others freshly united, — processes 
Birhich are obviously dependent on vital actions for their con- 
tinuance. Thus we find that all the most permanent parts of 
the animal frame, such as the massive skeletons of the polypi- 
fcra, the calcareous tegument of the mollusca, the bony scales 
of fishes, all of which are believed by geologists to have re- 
mained almost unchanged for thousands of centuries, are com- 
pletely extravascular in the hving animal, undergoing no in- 
terstitial change when once formed ; next to these in order of 
durability are the osseous structures of animals and the woody 
£bre of vegetables, whose connection with the circulating sys- 
Q seems rather adapted to meet the exigencies of growth, in- 
y, or disease, than to maintain a constant change required 
ty the tendency to decomposition. When we examine the 
liofter tissues, on the other hand, we find that the rapidity of 
ViDterstitial change fidly compensates for the increased tendency 
■to 3ecay ; and that if, from any cause, this change be prevent- 
I ed, decomposition and consequent loss of vital jiroperties ensue, 
• in the case of spontaneous gangrene from obstructed circu- 
llation. It is interesting to remark also, that the liberation of 
I carbonic acid, which, when it begins to take place after death, 
I is one of the first signs of putrefaction, is the most constant and 
I necessary excretion of the body during life. It might also be 
I argued, that, independently of the changes already adverted 
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to, hy which the normal compoBition of the organic 
is maintaiiifd, llie circuniBljmceB under which these compound! 
esist in the living body differ in so many particulars from 
those of dead matter, that no conclusion could fairly be rweed 
upon the fact of their spontaneous decomposition after death ; 
since inorganic chemistry affords us numberless examples df 
such changes occurring under the influence of very alight vadr 
tions in temperature, electricity, light, &c. Moreover, imuiT 
proicimate principles, when reduced by chemical means to their 
simplest form, are as permanent as the greater part of the in- 
organic compounds; and it is dif&cuit to suppose that they re- 
tain their vital affinities afler being subjected to chemical BCtka. 
Thus starch aud gum may be converted into raigar by Ihe opentioD of t» 
rimu ai'ids ; and sugar at moderate tempeiatureB is ai little liable to cfaai^ 
aa B&j aaline compuund. 

37. It has been said by the physiologist, that the procctscs 
of vital chemistry are " not only inexplicable by, but manifeitljr 
opposed to, the known action of chemicul and physical laws;" 
and it is therefore presumed that a distinct set of forces must be 
in operation, by which these changes are effected ; which forces 
liave received the name of vital affinities. This presumption 
carries with it a specious probability, and is not easy to be re* 
futed by positive statements; we shall examine, bowever, 
whether the real probability does not support a contrary view. 
It may be well to repeat that the question we are now arguing 
relates oul^' to the formation of urganic products, such as gun, 
sugar, albumen, gelatine, &c., which are destined to be further 
organized — or such as urea, cholcsterine, &c. which are to he 
thrown off from the system, and not to those which, like starch 
or fat, already present traces of structure, and have tbereiore 
partaken of those influences which we consider essentially vital. 
In the first place, then, we may remark that it is rather pt&. 
mature to assert that any such changes in constitution are con- 
trary to the known laws of chemical alEnity ; for no one who 
has watched the progress of science during the last few years, 
can hesitate in the belief, that we as yet know but little of iboae 
laws, compared with what future discoveries will rev^ lo ua. 
The same assertion might have been made within a very 
recent period, with regard to many of those phenomena which 
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we citn now readily explain. Would it have beea thought 
poauUe, fur instance, by a chemist thirty years ago, that the 
Mune substance should act the part of an acid in one case, and 
a base in another f — liiat sialer should be possessed of such 
properties ?^-or still more that hydrochloric acid in eombina- 
liao with chloride of platinum should act as the bate or electro- 
positiire ingredient? Yet such are the facts. These would 
Jure appeared to a chemist at the commencement of the present 
eetitury, totally inconsistent with what he knew of chemical 
action ; but they are now readily comprehensible under taws 
which include all the facts hitherto asceriained. Or, to take ft 
Afferent illustration, would any electrician, twenty years ago, 
have supposed it consistent with physical laws, that a mcch»- 
nical force, 50,000 times greater than that of gravity, may be 
instantaneously generated by the action of gahantam on a 
metallic alloy (as shewn by Sir J. Hentchel), or that a feeble 
current of electricity, issuing from a single pair of plates, may 
generate (if properly applied) a magnetic force capable of su»- 
laining many hundred pounds. The higher and more general 
are the laws wo attain, the more do we find that ihey include 
Cuts, which at first sightappeared inconsistent with them ; and 
' vnless a distinct set of laws could be established, regulating 
'Tittl affinities, which has not yet been accomplished or even 
Bttempted, we are scarcely justitied in assuming that these 
Irwa may not be accordant with those which we recognise else- 
wfaare. 

And this leads us to remark, in the second place, that whilst 
Tecent discoveries in inorganic chemistry have tended to widen 
Very mucii our notion of the play of chemical affinities, the ajv 
plication of accurate and minute analysis to what have hitherto 
Iteen considered the proximate principles derived from the 
Oi^nic world, has shewn that many, if not all of them, may 
be considered as binary combinations of other substances much 
simpler in their composition, and every fresh discovery is there- 
lore tendmg to break down the barrier between the two classes 
cf organic and inorganic bodiea, as far as regards their method 
of chemical combination.* 



%m Ifr 



isbg or qaigniTnrTg tfuaie sxan^s vxua crs uuduued bv phj* 
seal Ia,Yi '« fir u ±e Tiarifais a aiiW a e d fa than are vidua 
lc9 jwcr.;, mii sci r!£r;&rs TisiJiiP so a crsat extent, the iiH 
■yr.^g- 7i»C7 c^ ccctcadcis V^'T, :}fee gifrwral kzngdom af^ 
taci%* ht ts ^ zrtssLZ inzarne ta eSset or cacsral the action of 

«. so u :o 6;r 'j <: jrr anx of the OMm ct 5»ih i r j nrfi 



fi crzsax. £xsy ncist dsKxyverr, oDvereTy 
to prcrre that the pc^^v hmfiuxSaidi^ oooeenied. are. Uke the 
elements oa vhicn rbsj act. ihe ace in all cass ; the difference 
in the effects proc^uced beinz owtn^, doc to anj alteration in 
the ph jfical properties of the oo o t i taentay but sole] j to the 
mancer in vhxch thej are brought to bear upon one another. 
We cannot vet fucceed in producing artxficiallj any arganic 
compound, e^en of the amplest kind, bj diiecdr comUning its 
elementa, because we cannot bring them together predady in 
the requisite states and proportions; we do not see why it 
should be doubted ; that if the dements could be so brou^t 
together by the hand of man, the result would be the same as 
the natural compound. For, as Dr Prout justly remarks, ** the 
organic agent does not change the properties of the elements, 
but simply combines them in modes which we cannot imitate." 
If wc once admit the doctrine of the substitution of vital for 
chemical affinity as the immediate agent in the production of 
organic compounds ; we do not see how the conclusion can be 
avoided, that all the changes which take place in the living sys- 
tem, whether animal or vegetable, are to be referred to the 
same source, and that, in fact, chemical affinity has nothing to 
do with them — a conclusion to which we imagine that few 
would assent. Those who are acquainted with the influence of 
temperature, electricity, light, the^rm of the body operated 
on, and the state in which it is presented for combination — on 
chemical actions, must be well aware how greatly the effects 

* In this point of view the recent experiments of Mr Crosse and others on 
artificial minerals, are highly interesting; no chemical laws previouslj known 
were adequate to account for the formation of many common mineral 
binations. 
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are modified bj slight differences in the conditions ; and it 
scarcely BeemB too much to sssume that, ignorant aa we are of 
the nature of these conditions in the living organism, the ac- 
knowledged differences in the results may be dependent upon 
their variations ; perhaps, also, other conditions whose nature 
u yet unsuspected may also have a share in their production. 

Having now endeavoured to shew, by negative arguments, 
that we are not justified in assuming that the union of elements 
ID organic compounds is effected by a novel kind of affinity, 
unknown in the inorganic world, we shall next briefly inquire 
^hatpoaitive reason we have for believing that chemical affinity 
is the agent concerned in the formation of organic products. 
It would be endless to enumerate all the actions which we might, 
without passing beyond the limits of our absolute knowledge, 
adduce in support of our argument ; but we may notice a few 
of the most remarkable. Many of the proximate principles of 
plants are mutually convertible ; thus gum may be changed to 
ftugar ; and starch, which is a serai organized form of gum, may 
be made to undergo a similar transformation, by tlie action of 
beat and sulphuric acid. 

Thi« U one of the remarkable Inatancea of llie catalytic action deacribed by 
SerzeUui,* which is conmoa to organic and inorganic chemistrj, and which 
la not ;et comjirehenaitile in the known lawi of chemical affinity j the pecu- 
Uarit; of the action consiata In the change produced by one compound upon 
another, without itself undergoing any alteration. Thus, in the present In- 
atince, the quantity of aulphuric acid undergoes no dimlttution, nor does it 
fbtin sny new combination. 

Now, there are two distinct actions in this change, the rup- 
ture of the vesicles causing the liberation of tlie contained gum, 
and the conversion of the gum into sugar ; the former is effect- 
ed by the heat, the latter by the heat and acid combined. The 
process is one of the most common in the vegetable economy, 
being performed whenever an embryo begins to be developed, 
and makes use of the store of nourishment previously prepared 
by the parent, as in germination ; but in the plant it is accom- 
plished in a manner somewhat different. A secretion which 
has been termed diastase is brought to act on the fecula, and 

■ Edinburgh Fhiloaophical Jounul, toL xsL 
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eflecia i(s conversioa into sugar, just as tlie chemist may do by 
heat and sulphuric acid : this diastase is previously stared up 
in contact with the embryo, aod when the vitality of the Utter 
is excited by its appropriate stimuli, it is carried into the sub- 
stance of the albumen. Diastase may be easily obtained fram 
the tuber of the potato, where it surrounds the buds; and 
when the chemist employs it as a reagent, its dfect on starch 
corresponds with that which it produces in the living plant, 
and with that of the purely chemical operation of sulphuric 
acid. Another example is afforded by the function of respire 
tion," which, although not yet perfectly elucidated, seems al- 
most entirely under the control of physical and ciiemical laws, 
^e object of this function is the excretion of superfluous car- 
bon from the system, in a manner calculated to give rise to the 
development of heat. We shall not enter into the questioo at 
presMit most keenly debated, with regard to the form in which 
carbon exists in venous blood. This appears to have been re- 
cently decided by the experiments c^ Magnus ; but there on 
be no question that, when that fluid is exposed to tlieair throogb 
the medium of a thin membrane, an interchange of ingredienU 
takes place, carbonic acid being removed and oxygen absorbed. 
The removal of carbonic acid is proved by the experimeots of Edondi 
on respiration in hydrogen : the absoqitlon of oxygen (which cannot be de- 
tected free tn nrlerial blond) by the predominance which often occurt of tki 
quantity of oxy^n which hu disappeared over that of the cartwidc adl 
which replaces it. 

A constant absorption and exhalation of nitrogen also ij^ 
pears to take place. Now, all these facts are explicable upon 
the known laws of the mutual diffusion of gases. The moct 
evidentof these changes take place afterthe removal of blood from 
the animal, if it be exposed either directly or through a tnembR" 
nous septum to the contact of oxygen ; and we can scAtcdyt 
therefore, view them in any other light than as chemical. Bui 
these changes, like others which result immediately from the 
relations between organized beings and the external worldi at 
though themselves resulting from physical laws, require 
their continuance the assistance of actions dependent upon tM 



* We use tha tsrain lli noM genenl wnie, deaotlng the inCerchangitf 
ingredients between Ibe air and circulating fluid. 
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properties, and hence cease soon after general or somatic death, 
ahliough they may continue ao long ati the necessary conditions 
can be artificially maintained. Il has been considered by many 
writers that the excretion of carbon in respiration is due to a 
secreting action in the lungs; this we do not mean to deny, 
liarticularly as the elementary structure of the lungs corres- 
ponds precisely with that which is now known to be common 
to all secreting organs ; but we think that from the function of 
xeepiration, which is essentially a chemical process, an argu- 
nent may be drawn respecting the operation of chemical prin- 
ciples iu the formation of other secretions, although their na- 
ture is at present so obscure. Tliere can be no doubt, hov- 
ever, that they are modilied by the electric state of the or- 
gans by which they are respectively formed ; and this fact leads 
us to another very interesting series of details, from whicli it 
would appear that electricity is a most important, though little 
recc^nised agent, in the operutions of organic chemistry. 

The late researches of Cr Faraday have fully proved the 
identity of electrical with chemical affinity, and that all che- 
mical changes are attended with a disturbance of electric equi- 
librium. If therefore the changes occasioned by the growth of 
organized systems are immediately governed by laws similar 
to those of inorganic matter, wc should expect to find that 
electricity is constantly being developed by th«u, in the same 
manner as we artificially obtain it by chemical decomposition or 
fecomposi don. * 

There is no deficiency of evidence that this is the case. 
During the germination of seeds, the two principal changes are 
the r^ection of carbonic and acetic acids ; and it has been re- 
cently ascertained that there is at the same time a tnanifesto- 

* M. Becquercl haa described a most simple appurstus for the development 
•f slectrkit*, consisting merelj' of a ijphoii filled with fin? sand, ind having 
one leg filled with bd acid, the other wiLb ati alkaline solution. These fluida 
IDoet at the moat depecdini; piirt of the tube, where there is anorifice plugged 
lij B bit of ubestoa, which canveva awa.7 the compound aolution as fuat as 
fonned. Wires placed in the Iwo legs indicate strongly op]ios*d etectiical 
atatea, and the voltaic current thus produced, continiiei until all the fluid 
Clementa have been united. It is impoaaible to consider thia result without 
acknowledging the reniaikable influence which capillarily imiai have over ciie- 
inical aclioD, a condition soevident and conslaiit in orgutlzed beings. 
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tion of electric action. The seed may indeed be considered an 
electro-negative system, retaining the bases and rejecting the 
adds ; and it has been accordingly found that grains applied 
to the negative extremity of a voltaic pile, germinate much 
more rapidly than those uninfluenced ; and that positive elec- 
trical influence retards the process. In like manner slightly 
alkaline solutions accelerate, and acids delay or altogether 
check it. In the later periods of vegetable growth, thecon- 
temporaneous chemical changes are by no means uniform in 
character ; and it is probably from this cause tliat artificisl 
currents of electricity do not seem to assist the growth of 
plants, although atmospheric electricity, which is undoubted* 
ly much connected with the processes of vegetation, appears to 
accelerate it. That there is constant electric disturbances du. 
ring the growth of plants, has been fully proved by the exp^ 
riments of Pouillct; and by many writers, the changes pro- 
duced by the exhalation of fluid, and the gaseous alterations 
effected by the leaves, are believed to be the main source of the 
constant variations in the electric state of the atmosphere. 

The connection of capiUarity with electric action has been 
already noticed ; but some other facts may be briefly stated. 
Various substances having minute porous structure, possess the 
power of occasioning the union of oxygen and hydrogen at 
comparatively low degrees of heat ; thus sporgy platinum will 
produce this efl'ect at common temperatures, and charcoal or 
porcelain biscuit at about 300°. It does not seem very clear 
to what this power is to be attributed; and we are almost 
equally in the dark regarding the phenomena of endosmose, in 
which electricity would appear to have some share, the known 
laws of capillary action not being adequate to explain some of 
the recently observed facts.* 

Many facts corresponding with those to which we just now 
alluded as having been obtained with regard to the electrical 
state of different organs of animals, have been remarked in ve- 
getables also. Thus it has been ascertained that wires passed 
into the pith and applied to the bark indicated opposite elec- 
trical states ; and the same is true of the two extremities of 

• C/clopedia ofAnitomy, p. 110; 
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most fruits. Some of the most interesting proofs of the occur- 
rence of electric actions in plants are derived from ihe experi- 
ments of M. Becquerel and Mr Crosse, on the effect of currents 
of voltaic electricity of very feeble intensity, in producing the 
crystallization of many substances, which, from their insolubi- 
lity, the chemist has been hitherto unable to procure in that 
form, but which occur abundantly in vegetables, such as ailex, 
and the carbonate and oxalate of lime. Now, unless we sup- 
pose that vital affinity or action possesses this remarkable pro- 
perty in common with electricity, a supposition which appears 
entirely gratuitous, we cannot hesitate to set down the deposit 
of these salts in a crystalline state in the vegetable tissues, to 
the electricity developed by other chemical actions going on 
in the plant. 

It is hoped that the foregoing statements will have establish- 
ed the probability (which is all that the present slate of our 
knowledge on these subjects will allow us to assert) that the 
forces immedialdy concerned in the production of the changes 
of decomposition and recompositton in the living body, are the 
■ame as are in constant operation in the world around ; and that 
it is at any rate premature to assert that the operations of vital 
chemistry are directed by distinct laws, and due to new forcea. 
I Indeed, one at least of the writers who has employed the term 
Tital affinity, would seem not to differ essentially from the opi- 
nions here given, since he considers,* that this property modi- 
^fiet (not supersedes] the chemical relations of the substances 
subjected to it. This modification we believe with Br Prout 
to be due to the mode in which other vital properties (the 
I eruemble of which seems to constitute the organic agent of Dr 
' Prout) bring together the elements ; and if this be true, there 
can be no definite conception attached to the term vUal affinity 
as distinct from chemical afRnity. 

We may also express our concurrence with the opinion 
of Dr Prout, regarding the use of the small quantities of 
elements found in organized tissues which are usually consi- 
dered as accidental ; namely, that, by their electrical influence, 
(which may be most powerful, although they are present in 

^ -r * AlisoL'a PhjaiolDg^, p. GS, 
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extremely minute quantity) tfaey may contribute to the pro- 
ductioD of those striking difTerences obserTed amoDg bodies 
baring essentially the same chemical combination, and whose 
diversity appears at £rst sight so mysterious. Aud were we 
disposed to speculate still further, we might imagine wilbout 
much difiiculty, that the chemical changes effected by tbe pro- 
cese of nutrition in the fluid contents of the capillaries, might 
^e rise to a new set of electric attractions and repulsions, by 
which the independent circulation in these vessels might be 
maintained. If this specidatioiD should prove true (and Sir S, 
HeTwhel has expressed his belief, that the ctrculaticoi of the 
fluid in chara is analogous in its immediate cause to the motion 
of globules of mercury or an amalgam submitted to the poles 
of a voltaic battery) there will be no necessity to have recoursr 
to the theory of a distinct set of vital attractions and rcpitUiom, 
which otherwise is necessary to account for tlie phenomena. It 
can scarcely be ri^arded as a valid objection to it, that it puts 
out of view the influence of mind upon the changes in the ca- 
pillaries ; since there is no more reason for supposing that tnind 
cannot influence (through the nervous system) electricil attrac- 
tions and repulsions, than those of a vitai nature. In both 
cases the mind acts upon the properties of matter; and the gnat 
obscurity lies in the transition from the immaterial to the ma- 
terial form of existence, 

28. We now come to consider tliose essentially vUal pro- 
perties to which nothing analogous is presented in the in<H'ganic 
world, which are only manifested by organized structures, and 
whose existence necessarily involves the idea of their continaed 
communication from parent to offspring. 

The nritPT of this esaaj consiclera IhaC we ore AiUj wamnted by i liliiwi 
in Tf>j(icting the supposition of spontaaeoua j^enentiuii as commoQl^ uadir- 
Btood, that is, the originaliDn of organized tteings by fortuitous combinadoni 
of inorganic matter. He thinks, however, that there i^ alio evidence to rea- 
der it a, question worthy of consideration, whether plnnts or xnimals oFa lov 
degree of organizntioa maj not be devtluiwd b_v d^^aistiom of tfae (icnia 
of UuMe more elevated m tbe «cals. Our belief tbnt Ulch ibould not be tbc 
CAK is founded only on u limited experience, including onlj tbe hi|[he9rt 
classes in each kingdom. There is no anatomical diffetence, as fur u our 
ineaoi of observutiuD extend, iietween Bucb a simple cellular plant aa tbe 
lingip reside fmta the paimchTmn sf » vascnlar plaiit ; and 
It observBtioDS on tbe develapBient of tbe lower cryptogamia have sbeva 
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tkU we ta jel knnw verj little of the variety of fomu vhlch Lhc tame germ 
may sssume, according to Ihc circunmtBoce* under which it is deTaloped. 

How far the act of organization in itself communicates to 
tbe assimilated matter the properties in question, will be a sub- 
ject for future consideration ; at present we shall consider 
(with Tiedemann) the property of assimilating, organizing, and 
communicating vital properties to nutritious matter, as that 
which most prominently characterizes Kving tissues. And we 
may go farther and say, that vital properties may exist in fluids 
also ; for the blood must be regarded as something very dif- 
ferent from a mechanical admixture of albumen, fibrin, saline 
matter, water, S;c., since it manifests properties which can 
scarcely be considered otherwise than vital, and presents a 
structure which must be regarded as approaching that of orga- 
nized matter. The same msy be said of the descending or 
elaborated sap of vegetables from which the cambium is formed ; 
nnce, according to the observation of Amici,* the glutinous 
sap of the vine, when removed from the stem, assumes, during 
the species of coagulation which it imdergoes, regular forms 
closely analogous on the one hand to thos? of the lower con- 
fervee, and on the other to the elementary tissues of which the 
fluid is the pabulum. Hence we may fully unite in the view 
expressed by Tiedemann, " that as the solid parts obtain from, 
the general nutritive fluid matters which they receive into their 
composition and organic structure, and to wliich they commu- 
incate their vital properties, so also do the organs which pre- 
pare the assimilative liquids from the general nutritive Buid, 
appear to communicate to them, by the same act, qualities that 
give them the faculty of acting on the aliment so as to effect 
their assimilation." 

Every tissue possesses vital properties peculiarly its own. 
besides that which we have spoken of aa common to all. Thus 
iDoscutar fibre is essentially characterized by ils contractility, 
nervous matter by its capability of conveying impressions, &c. 
These vital properties all require the application of certain 
atioiuli, in order that they may be excited to activity ; and each 
property of each organ has stimuli appropriate to itself. It i» 
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usu&l to class under the denomination of vital gtimuli not only 
those which themselves originate in vital actions taking place 
in the system (as the stimulus communicated by the motor 
nerves to muscular 6bre), hut also those which result from the 
relation of the organism to the external world. Now, if it be 
true (as we have already attempted to prove, § 22-27), that 
the actions immediatelr/ resulting from this relation are of a 
physical nature (the conditions ouly being furnished hy vital 
processes within), we can hardly regard the physical agents 
light, heat, &c. as vital stimuli, unless we employ the term vital 
actions in its most comprehensive sense, to indicate aU the 
actions going on in a living organism, which conduce to its pre- 
servation. On the other hand, the stimulus of the circulating 
fluid, itself possessed of vital properties (we restrict this tertn 
in plants to the descending or elaborated sap), and giving rise 
toactionsofthemost strictly vital character, cannot be regarded 
as itself otherwise than purely vital, 

S9- Life, therefore, the sum of all the actions performed by 
an organized being, is, in the first place, the result of the ope> 
ration of external agents upon the physical properties of the 
organs by which the relation between the organism and the 
external world is maintained. The changes which are the con- 
sequences of these actions are not identical in their effects with 
those which we witness in the inorganic universe, because the 
actions are performed under conditions furnished by the li\-ing 
system with an express tendency to its preservation ; and the 
products of these actions are of a nature to supply the purely 
vital properties, which then come into play, with the means of 
their operation. 

Thus the quautlties of carbon, hydrogen, and oxygen, wbich (Mmbioed, 
under ordinary clrcunistanctfa, would form carbon and vater. are united into 
gum and sugar (the two liinplest of proximate piincipleB) in the aicent of 
the crude lap up the stem ot plants ( these .principles afford the conditioiu 
requisite for the purely viul actlnni, since out of them are formed, by Ihs 
pnceis of Bsdmllation, all the complicated variety of vegetable ti$suet ami 
products. 

Now the manifest tendency of all these processes to a common 
end, has given rise to the supposition of a presiding power by 
which the whole are regulated — a " vital principle" — an "or- 
ganic agent endowed with a faculty little short of intdligenc^" 
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—in fact a distinct auna or eiility, of the nature of whose ex- 
iHience, whether material or immaterial, modem philosojiherB 
Beaitate in giving a distinct upiniuii. It will scarcely be worth 
vhile to examine the arguments upon which this doctrine has 
1}een maintained, since we find the highest authorities ol the 
present day joining in condemning it as altogether unphiloso- 
phical. 

This iflea is both unauppoTtcd by eviilcme, and uitele^ in Ihe expUn*> 

. of fects." — Alisuu's Phvjiolog/, p. 3. " Tbe hvpolbesis of a vital prin- 

dple is a wenpon leaAy to cul any knot, but capable df iintjing nonc,"^Pri- 

^ard on the Vital Principle, p. 128. " It bus been proved bj a careful ei»- 

ion to be wanting in everj cbaracteriatic of a legitimate tbeory." — Ibid* 
p. 13S, " Ainai, lea forces premi^reEi, que Ton ciit anlnicr lei divers carpi 
Ltureb, ne aont pas des Sirra reela. exintmita [lar eux-meraes, comme oa le 
cro;ait dans ranoienne philosophie.'' — Artelao, Ph^aiologie, lom. iv. 

But it may not be amiss to add a few observations suggested 
ty tbe foregoing reasonings, tending to shew that the supposi- 
tioD is not in the least degree requisite, that it is inconsistent 
with known factft, and that it receives not the shadow of a con- 
firmation from the analogies of matter. 

, We have endeavoured to shew that an analysis of the 
functions of living beings terminates in referring them all to 
certain properties passessed by their component structures, 
which properties stand in the same relation to organized tissues 
as the properties of gravitation, electricity. Sic, do to matter in 
general. Their existence must, for the present at least, be re- 
garded as an ultimate fact in physiology. These properties 
called into action by stimuli of various kinds fitted to ex- 
cite them. Whatever adaptation, therefore, we discover in the 
various functions, both to eacli other and to Ihe general end of 
all, implies no more than an adaptation of the structure and 
properties of the organs by which they are performed. Now, 
every tissue has its own laws of development ; but all these 
laws are subservient to one general principle, that all organized 
itructuret shall take their origin from previously existing orga- 

1, Our inquiry, therefore, leads us back to the first crea- 
tion of each species ; and if we conceive that at that period the 
Parent of all impressed upon the elements of which each was 
composed, the spirit of the laws which should in future govern 
its growth and reproduction (just as he impressed upon the 
VOL. XXIV. KO. XLVIII. — APBIL 1 8S8. A a 
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bodies composing the solar system the spirit of the lawa of gr^ 
vitation and of motion, § 8), we require nothing but the om- 
tinued action of these laws to account for the continued exiat- 
ence of the race (just as the continued action of the laws of 
gravitation and of motion retains the planeta in their orUu). 
To suppose that the adaptation of these laws to each other, 
and to those of the external world, couid be otherwise than pep- 
feet, would be to cast a stigma upon Infinite Wisdom. What 
they are, it is the object of the physiologist to ascertain by in- 
duction ; and he certainly will not derive any as^tauce by set- 
ting out with the notion of a secondary presiding existence, 
whether -^v/r,, auima, divintE parlicula aunt, vital priiicipk, or 
organic agent. 

31. The doctrine of a single presiding existence controQiog 
and directing tJie actions of each organism, is contrary to knowo 
facts. If such a principle exist in connection with the living 
body, we cannot but suppose that it* departure would be coin- 
cident with what has been termed tomatic death, that is, the 
general disunion of the vital functions and the ces.^tion of Uw 
functions of the nervous system. But we well know that the 
Tital properties of each one of the tissues concerned in argiinie 
life may be retained for a considerable period, and that vital 
actions may be performed by individual organs as long as the 
conditions which those actions require in the living body are 
supplied to tliem. The time at which the vital properties 
finally disappear varies according to circumstances ; it is dif^ 
ferent in every tissue, and the extinction is not sudden but gia- 
dual. If, then, we hold the doctrine of a vital principle, we 
must allow that it may be split into as many individual exist- 
ences as there are organs in the body ; and this is, in fact, ap- 
proaching to the view of the vital properties which it has been 
our object to establish. 

32. Further, the doctrine of a vital principle is wholly un. 
supported by the analogies of Nature. No reflecting miad has 
any doubt that tliis earth and its inhabitants form a system 
(which we might almost call an organised one, if the idea of a 
particular structure were not involved in the term), of which 
every part is perfectly adapted to the rest, and of which all the 
actions and change?, however in appearance contrary, bare one 
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oommoD tendency, the ultimate happiness of the creatures of 
InGiiite Benevoleuce. It caonot be reganjed as an improbabi- 
lity, that the other spheres and ay stems, whose countless multi- 
tudes, revealed by the aki of science, impress our minds with 
the nearest approach to the conception of infinity of wliicb our 
finite com prehension is capable, are peopled with beings, if not 
umilar in structure to ourselves, at least equally worthy of the 
Creator's care. In the government of our own planet, itself 
but a point in the vast universe, we are able to recc^iiise, to 
■ome small extent, the laws by which its physical changes are 
.guided ; and we discern faint glimoierings of those by which 
the moral condition uf sentient beings is controlled. So far as 
we can understand the mutual adaptation of these laws, we 
every where see them working towards the same end ; and we 
Oilertain the highest anticipations of the beauty and harmony 
which will be revealed to us when our imperfect knowledge 
•ball be extended and corrected by the light of Eternal Trutli. 
Should we not consider it degrading to the dignity of Infinite 
Wisdom to suppose, that, at the creation of each world, he had 
found it necessary to delegate tu a subordinate the control over 
Us working, instead of at once impressing upon its elements 
tfaose simple properties, from whose mutual actions, foreseen 
and provided for in the laws according to wliich they operate, 
all the varieties of change which it was His intention lo pro- 
duce, should necessarily result. The application of this argu- 
ment to the present subject is too obvious to retjuire further 
dev^opment. 

33. We have now to consider in what relation the vital pro- 
perties of the various tissues of which a living body is compo- 
sed stand towards the peculiar furm in which the molecules of 
those tissues are arranged, and the pecuhar character of the 
chemical combinations of which they are composed ; in a single 
word, their organisation. It appears to us that much discus- 
non on this subject might have been spared had more attention 
been paid to the true meaning of the terms employed. It has 
been said by nome that vital properties are superadded to or- 
ganised matter. This supposes the distinct existence of the 
. property, and is but another form of the doctrine of tlie vital 
prtQciple. If the property be nothing but the matter itself in 
Aa2 
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a certain relation to tlie mind, the expreBsioa U manifeBtly 
inconsistent with itself. But there is nothing inconsistent 
with our knowledge of the physical properties of matter in the 
belief that all matter, or each at least of those forms of it ca- 
pable of being assimilated, is also endowed with vital pro- 
perties which remain nndisplayed or occult (see § 5) until 
brought into action by being subjected to those conditions 
which a living organised system alone can aSbrd. 

Experience and observation lead to conclusions not dissimi- 
lar. Organization and vital properties are simultaneously com- 
nmnicated to the germ by the structures of its parent ; tliOK 
vital properties confer upon it the means of itself assimilating 
and thereby organizing and endowing with vitality, the mate- 
rials supplied by the inorganic world ; and, as long as each 
tissue retains its normal cunstilution, renovated by the actions 
of absorption and deposition by which that constitution is pre- 
served, and surrounded by those concurrent conditions which 
a. Ii\Hng system affords, so long, have we every reason to be- 
lieve will it retain its vital properties and no lunger ; and, jui>t 
aa we have no evidence of the existence of vital properties in 
any other form of matter than that denominated organized, so 
have we no reason to believe that organized matter can exist in 
those conditions which a Uving body supplies, without mani- 
festing vital properties. 

Thpre \s no dlflicultj in accounting, on this view, for the geoeTBl Ida of 
vltalii; wliicli results froni the cessation ofany one funclion ; and as the id- 
vuice or pathologiciil science retiUers It evety Aay more probable ifait de- 
nngement In funclion aln'oys implies some atruclunU alteration {alibough It 
may be imperceptible to our aensea} or change in the character of the neces- 
•arj stimuli by which the properties are called into action, tbe usual pbeno- 
incna or d^Lh can readily be cxplutned upon the principles here advooled. 
There Rre some cases of sudilen desCmction of viliiUty, however, in which o» 
perceptible change in solids or fluiiJs can be detected j but this is probiblj 
owing lo the imperfection of our means of reseatch. For instance, wc can 
icarcely doubt, that, when the vitality of an egg is destroyed by an electric 
•hock, or moderate exposure to heat, the agent produces,io obedience lo cbe- 
tnlcitl law, some altcTatiun in the material structure inconmstent with tbe 
coDlinued existence of the vital properties. A seed may be deprived of iU 
yttaLity by ioimeislon In water of the temperature of 160°, and Dothinu but 
■ very minute examination would iliKover any structural alteration in it* 
tissues; but collateral experiments prove that this is just the tempentureat 
which the veiiclea of fecuU ve ruptured, m that llu physlval ciangA pro- 
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duecd b7 ■ phyaical agent is evidently the cause of the loiis of vital proper- 
84, Our general conclusions, then, from the foregoing argu- 
mentB, are, — 
1 . That the properties of any aggregation of matter depend 
upon the method in which its ultimate molecules are i-ombined 
and arranged. 

2. That the simplicity of our notion of the properties of in- 
organic matter depends upon the facility of our becoming ac- 
quainted with them through the command which wc possciis 
over the agencies by whose operation ihey are manifested. 

3, That the vital properties of organized tissues are not less 
the result of their material constitution ; but that, whilst the 
materials of an organized tissue may be prepared by the ope- 
Tation of the ordinary laws of affinity acting under peculiar 
conditions, the tissue cannot be constructed without the agency 
"Ot a previously existing vitality ; and that hence man is debar- 
red from the most advantageous means of becoming acquainted 
with the laws of physiology. 

♦, That vital properties are not added to matter in the pro- 
cess of organization ; but those previously existing, and hither- 
to inactive, are called out or developed. 



Obtervationa on Babies or Madness in Dogs, Oxen, Horses, 
Pigs, and Sfteep. By Dr WAr.NEK, Medico- Forensic Cen- 
sor of the Schieben District, 

The following observations are interesting and valuable, on 
account of their authenticity. We particularly recommend 
them to the notice of gentlemen practising in the country, who 
may have opportunities of witnessing similar cases. Wc are 
firmly conviiicet! tliat medicine is destined to derive no slight 
advantages from observations made on the diseases of animals; 
and, on this account, as well as others, wc are gratified in ob- 
serving the gradual, but still too slow, improvement in the 
pathological knowledge of our veterinary surgeons, 

1. In the Dog. — A dread of water is not a symptom invari- 
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ably attending rabies. I have met with two instancea of men 
being bitten by dogs, and dying from rnbies, when the dogs, 
nevertheless, ate ami drank shortly after having made the at- 
tack. One of these was seen to swim through the river Elster 
on the ensuing day. Another, in the same state, displayed 
great activity in the water for several hours, in search of wild 
fowl, until, on a sudik-n, it ceased to recognise its master, ap- 
peared to have lost the senses of sight and hearing, ruahed out 
of the water, and scampered away, snapping on the road at 
every object within its reach. 

Though rabid dogs are frequently in the habit of gnawing 
at wood, straw, or hides, snapping round about in the air, 8m:., 
such signs are equally fallacious with the foregoing one, healUiy 
dogs being sometimes obsened to do the same. 

An appearance of dejection and shyness, a hanging of the 
head and tail, running at the eyes, or the fierce Hashing eye 
without this, foaming at the mouth, refusal of food and drink, 
are all suspicious symptoms, and demand caution : but as they 
are attendant upon other canine diseases bkewise, they are tut 
conclusive. In fact, experience has furnished nie with no 
evidence decisivt^ of the existence of rabies, except that of a dc^ 
running away and recklessly attacking both men and animals, 
especially those of its own species. No other dog, even the 
moat vicious, when accidentally separated fi-om its master, will 
attack any save animals of its own kind, unless in self-defence. 
In a rabid stale, some dogs will even leap over high fences, in 
order to reach dogs or cats which they discover to be on the 
other side ; a proof that scent, sight, and hearing are still un- 
impaired. Others will sneak along a wall, or run forward in a 
straight line, attempting to bite whate\'er they thus meet with, 
but never diverging from their headlong course, unless to pur- 
sue other dogs. I have observed some rabid dogs which nevef 
moved from one spot, merely gnawing at every thing within 
reach, as they lay, snapping at vacancy, and ultimately refuv 
ing food and drink, or, if they attempted to partake of either, 
appearing incapable of deglutition. In those cases, palsy of 
the loins and hind extremities appears to have taken place at 
the outset, and to have deprived the animals of the power of 
locomotion. Drooping of the tail and head, and foaming at 
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tbe mouth, are, of all signs, the least to be relied on : they 
belong only to the last stages of the disorder, when the animal 
bas almost ceased to live. On the other hand, it is a well known 
fact that some dogs, in a state of health, constantly foam at 
the mouth, and that all look dejected and hang their tails wben 
they have wandered astray. 

The same observation applies to the observation of barking, 
or the hoarse bark. Many dogs bark but rarely, whilst with 
others the bark is perpetually hoarse ; on the contrary, many 
rabid dogs continue to growl or raise a howling bark (so that 
B single short bark is succeedt-d by a shrill lengthened howl), 
similar to that made by healthy dogs at certain sights or sounds, 
from hunger, thirst, &c. Even in the appearance of the eye 
in rabies, the unprejudiced observer will not discover any 
essential change. 

The moment a dog evinces any traces of illness, it is no 
longer to be trusted ; and it would be well to lock it up, or 
fasten it to a stout chain. But when it begins to gnaw wood, 
to shew a dull eye, to snap at animals with which it had become 
jamiliarized, to burk hoarsely; when it attempts to run away 
or to break its chain, eats and drinks with a snapping gesture^ 
at intervals appears lively, and then again sneaks sulkily to its 
kennel ; when it disregards its master's call, and, contrary to 
its former habits, growls and snarls at well-known persons ; 
the animal ought to be despatched ; for there can no longer 
remain a doubt of its being rabid. If a dug runs away, and 
returns home on the second or third day, with any unhealthy 
symptoms, its rabidness is equally certain, more particularly if 
it then ceases to know its master. 

The rabid dog is often very sudden in its motions, darting at 
its victim with the quickness of lightning. In the first stages 
it bites elily, and rather pinches than wounds; but, at a later 
period, the bite is so terrible, that force is sometimes necessary 
to disengage the animal. I witnessed two cases in which the 
dogs could nut be made to relax their hold until their spine 
had been divided by a blow with a hatchet. 

2. In Oxen. — In homed cattle, amongst which I have met 
with the most numerous instances of rabies, this disorder evi. 
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dently occurs under two distinct forms. In solitary coses, 
where we are previously aware of the animal haring been bit- 
ten, we should scarcely be led to a suspicion of rabies. The 
commencement and progress are as follows: — With a heal- 
thy exterior and clear eye, the animal loses its appetite, eats 
and drinks by (its only, without, however, refusing choice mor- 
sels that may be offered to it ; at times it appears as if suddenly 
stupified, recedes from the manger, and forgets to chew, then 
again chews on, hstens with liveliness to every noise that is 
made, seems to notice every object, continues to obey its keeper, 
and sometimes remains capable of working : borborygmi are, 
however, already to be heard, and there is sometimes observ- 
able a slight straining or disposition to tenesmus. In the cow, 
the secretion of milk decreases, but by no means ceases at the 
very commencement. In the open air, the animal ceases to 
graze, appears tost, strays from the rest of the herd ; although 
when, by itself, it generally allows itself to be led quietly back 
to the stable. 

After the lapse of from one to three days, all the symptoms 
increase ; neither hunger nor thirst is experienced, although no 
dread of water is apparent, and the animal still ruminates at 
intervals. The eyes have commonly a healthy look, but 6ash 
at times without seeming inflamed. The creature lows but sel- 
dom ; but when it does several times consecutively, and either 
with a hoarse lone, or, on the contrary, in so clear and power- 
ful a key, that I have heard it distinctly at a distance of more 
than a mile. Tlie tnouth and tongue have still nothing abnor- 
mal about them. The borborygmi increase. At thesametimethe 
animals are observed lo lick some particular part of their bodies, 
especially one of the feet (probably tlie spot where they were 
bitten) until that part becomes excoriated and bleeds. Palsy 
of the loins now ensues ; the animal remains lying, and, if fiir- 
ced to rise, which it does with difficulty, totters on its bind 
legs ; an increased straining is remarked at the anus, and this 
is sometimes followed by hard but ulumately by tbin evacua- 
tions ; it moves its head alternately from side to side, and ap- 
pears anxious to lick at cloth or fur, Sec, which it by degrees 
gets between its teeth, and tears. To this the suffering animal 
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appears not to be urged hy any vicious propensity. At this 
period, in the cow, the secretion of milk is at an end. 

The above symptoms continue on the increase until the sixth 
or seventh day- At length the hind extremities become so pa- 
ralysed as to render standing on the feet impossible ; the con- 
stant siraining at the rectum still forces out faeces, and the ani- 
mal refuses all, or almost all, further sustenance ; even bread 
that is forced with the hand into the creature's throat, is not 
■wallowed. A drend of water is never observed, even though 
the latter be refused. Naturally thin and rough haired cattle 
become still thinner, and their hair rougher; but such as were 
originally in good condiuon and smooth -haired, shew little al- 
teration in either respect. Some time between the sixth and 
the ninth day, the animals sink on one side (mostly, I have ob- 
served, on the left) with the head commonly stretched back- 
wards ; the eye still remaining bright, lively, and untnflamed. 
From henceforth the trunk continues motionless, whilst the legs 
undergo a constant but languid movement to and fro, until the 
animal has ceased to exist. In the form above described, the 
animals may be approached with little or no danger. Not so 
in the second form ; of which, however, scarcely one case is ob- 
served in six. 

This form commences like the other. In the stable, the ani- 
mals recetle still more from the manger, and will even break 
the rope with which they are fastened, if it is not very strong. 
Their bellowing, without being frequent, is prolonged, its tone 
clear, thrilling, and unmodulated. They scrntch the ground 
with their fore-hoofs, often with such violence, that the dung 
is projected to the roof of the stable ; whilst with their hind 
legs they kick violently at any one who approaches. At this 
stage, the paroxysms are periodical, and little is to be obser- 
ved during the intervals, except a reluctance to feed or drink. 
About the fourth day, if they are naturally strong, they will 
snap every kind of fastening in twain during the paroxysm, 
and then attack and gore all who approach them. They rage 
about in the stable, gnawing the ribs and other objects to pieces, 
until palsy of the joints supervenes, when they sink down, and 
ultimately fall on one side. In this position they still manage, 
qmsmodically as it were, to shove themselves about the stable 
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by means of their hind lega. Last of all, they lie for hours on 
the fiide, as if dead, when the bright shining eye, and occasion- 
ally a convulsive movement, nlnne indicate a remnant of life. 
On the seventh, eighth, or at most the ninth day they die. 

On dissection, nothing ubnonnal is to be discovered beyond 
a gall-bladder filled to excess with muddy yellowish-grecii oo- 
loured bile, in a state of complete fermentation- From Uie great 
distention of tlie bladder, the fermentatorv process is eoaly dis- 
tinguished from without. 



3. In Horses. — With horses the symptoms of rabies are as 
follows : In the team they display unwonted activity and emolft- 
titm. Here, however, as well as in the stable, they assail their 
feUows with bites and kicks. They generally refuse both pto- 
vender and water, nod or jtrk the head frequently, (as boraea 
are in the habit of doing, when they are in spirits), and have a 
fiery eye. On the second, or at most on the third day, these 
symptoms increase to such a degree, that no creature can aj^ 
proach them without being bit and kicked in the most fright- 
ful manner, and to offer them either food or water appears only 
to augment their rage. Yet moments of quietness intervene, 
provided the stable be kept dark and nothing around them stir. 
On the other hand, such is their fury when disturbed, that oti 
a plank being taken out of the stable dour, iu order to destroy 
them with safety, they will rush to the spot, and thrustii^ 
their head through the aperture, make attempts to bite in every 
direction. How long such a state continues, until death o& 
curs spontaneously, I am not able to determine, as in the cases 
which came under my observation, the natural terminaliun w«s 
Dot waited for. 



4, In Pigs. — During my long continuance in office, 1 met 
with but a solitary instance uf rabies in the pig. This animal, 
afattening boar, had been bitten, fourdays pre\'iously to my see- 
ing it, by a mad dog, but it already raged with such violence, 
that I cotdd oidy observe it through the crevices of the sty 
wherein it was inclosed. It gnashed its grinders, jumped Up 
at the sides of the sty at one instant, and threatened to burst 
through them at the nest, by the violence of its efforts. I di- 
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reeled it to be killed, and, together with the cleansings from 
the sty, to be buried at a great depth in the ground ; which I 
was afterwards assured had been done- I subsequently dis- 
covered, however, that a butcher who had slain the animal with 
a hatchet, instead of allowing the carcass to be buried, had cut 
it up, and exposed it for sale, and that, from its fatness, it had 
been readily disposed of. Notwithstanding the infamy of this 
act, Bware that tiie possible evil consequences could no longer 
be averted, I too much dreaded the effects of the imagination 
in those who had partaken of the meat, to hazard a legal inves- 
tigation on the subject. The disgraceful occurrence therefore 
slept in silence ; but from that day to this, and it happened 
twenty-four years ago, I have not heard of any mischief ari^g 
from it. 

5. In Sheep.— In like manner, I have met with but one in- 
stance of rabies in sheep ; in this one, however, five sheep, 
which were bit by a mad dog, all became affected at one and 
the same period, after the lapse of a few weeks. The symptoms 
first noticed were, that the animals left off grazing, and dis. 
persed the flock by indiscriminate attempts to butt and to 
mount upon their fellows, They were all killed save one, 
which being confined in a stall, kept quietly staring at the wall 
with a dejected look, as long as every thing around it was 
noiseless ; but on hearing the slightest sound, the animal turned 
to the direction from whence it proceeded, ii.nd Jumjwd up at 
the sides of the stall. Food and water were left untouched. 
Here my observations were cut short by the proprietor declin- 
ing to await the natural termination. In a large flock, single 
cases of disease are usually overlooked until the symptoms b^ 
come very conspicuous, and it appears more than probable that 
such was the fact in the present instance. 

The above details are therefore only to be received as a rough 
sketch. The peasants would frequently hold fast the tongue of 
the rabid cattle with one hand, whilst they thrust the other deep 
into the creature's throat, in the endeavour to force nourishment 
into its stomach. Thatthenakedhands and arms wereonsomeof 
these occasions not entirely free from injury, I can scarcely 
doubt ; and yet I never witnessed any evil effects to arise hoai 
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the practice, altlmugh these people neglected to wash thar 
hands subsequently. However, I knew a fanner to die of n- 
bies, merely from having, with hands apparently uninjured, 
washed out the wound inflicted on a pig by the bite of a rahid 
dog. On one occasion, a slaughterer who had killed a rabid 
ox, in spite of my admonition, repeatedly thrust his naked arm 
into the animars intestines, without experiencing any evil there- 
from, and cow-herds, soi-disatit veterinary surgeons, and the like, 
often commit similar acts with equal impunity. 

I have frequently known the milk of rabid animals lo be 
taken without detriment, and in two instances, the flesh of ra- 
bid oxen which were clandestinely eaten, proved no less in- 
noxious. It is nevertheless a fact, that, at a period when many 
cattle perished of rabies, the instances of canine madness be< 
came unusually numerous ; and it may be supposed that, how- 
ever deeply the carcasses may be buried, dogs will still here 
and there succeed in disinterring them. Farther experience is 
therefore requisite to decide on the efFects of the saliva, blood, 
excrements, &c> in all domestic animals, with the exception of 
the dog and the cat. In conclusion, I have witnessed many 
instances wjiere the bite of decidedly rabid animals has pro- 
duced httle or no cflbct on the human subject, although the 
remedies employed were merely such as were suggested by su- 
perstition. From this I am led to infer, that with mankind a 
predisposition to hydrophobia very rarely exists.* 



Atuthfna of Gmelhiite or HydrolUc. By A. CoNVBrL, Esq., 
F. R. S. E., &c. Communicated by the Author. 

Thk crysiallographic and optical properties of this mineral 
were described a few years ago by Sir David Brewster,-)- who 
considered them sufficiently characteristic to entitle it to be 
ranked as a distinct species. Two varieties of it had beenana- 



' Hecker^ Amulen, Itt Band, Heft 4. 1B3G : aod Forbes and ConoU/'s 
Medical Bev. No. ix., p. 262. 
t £d. Jour. Science, ii. 202. 
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Ivsed some time previously by Vauqueltn, with the following 
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Some time ago Mr Rose, mineral dealer of this city, was so 
good a3 to give me a very fine .ipecimen of Gmeliiiite from 
tlie county of Antrim in Ireland, for the purpose of being sub- 
jected to a chemical examination, -f- 

The specimen was in fine crystals of considerable size, and 
possessing the usual form of a very short six-sided prism ter- 
minated at both e^tremitiea by a six-sided pyramid. The trun- 
cation of the apex was only occasionally observable. The crys- 
tals were of great purity, being wliite and aemitransparent, 
whilst in many Irish specimens ihey are reddish, and scarcely 
translucent. The prism was streaked horizontally, and the 
pyramid parallel to its own terminal edges, in the manner 
shewn by Haidinger's figure of the crystal, J although less dia- 
tinctly. It may be proper to notice, that I could scarcely ob- 
serve the quality stated by Sir David Brewster, of bristling up 
and scaling off when approached to the flame of a candle ; al- 
though I noticed it in a reddish and somewhat opaque specimen 
of Irish gmelinitc. 

(a) 17.67 grains of the crystals reduced to impalpable pow- 
der, were decom|>osed by muriatic acid. The silica separated 
as usual, weighed, after ignition, 8.97 grains. It was dissolved 
io boiling potash ley, and left a little imperfectly decomposed 
mineral, from the silica of which, .4ijofaluminaand.059of lime 
were separated by fusion with carbonate of soda and other neces- 
sary steps. The proper amount of silica was thus 8.461 grains. 

* £d. Jour. Science, U. 262. 

t The Irish variety of Ihia mineral was anilyaeit, n few years ^o, by Dr 
Tbomscin, but the quanlitj operated on was only 5.3 graiiia, which were 
decomposed by carbonate of barytes ; aud the result difi'ered catisiderablj' 
froni that of Vauquelin. Trans. Boy, Soc Ed. xl. 448. 

t Mobs' Mineralogy, fig. 195. 
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(b) From the aqueous solution of the muriates of the bases, 
ammonia threw down a precipitate which, after ignition, weighed 
2.85 grains. When this was dissolved in muriatic acid .09 of 
silica remained undissolved, and by boiling the solution with 
excess of caustic potash, .02 of oxide of iron, containing a little 
lime, were obtained ; thus leaving 2.74 grains of alumina. 

(c) By means of oxalate of ammonia and moderate calcina- 
tion of the precipitate, 1.82 of carbonate of lime were obtained, 
equivalent to 1.025 of lime. 

(d) The remaining solution yielded, by evaporation and ig- 
nition, a residue of 1.42, which, when dissolved in water, left 
.03 of silica, and yielded cubical crystals by evaporation ; and 
when redissolved, a precipitate was obtained with muriate 
of platinum, and by evaporation, abundance of crystals of the 
double chloride of sodium and 'platinum. These last were 
taken up by heated spirit of wine, leaving .36 of the double po- 
tassium salt, equivalent to .069 of potash and .109 of chloride 
of potassium. There thus remained 1.281 of chloride of so- 
dium, equivalent to .682 of soda. 

In 17.67 grains of the mineral, there are thus contained, ex- 
clusive of water. 

Silica (a h and d) asSl 

Alumina (a b) 3.19 

Lime (a c) . 1.084 
Soda {d) . .682 

Potash (<0 . .069 

Oxide of Iron (ft) .02 

13.626 

To determine the quantity of water, a portion of the crys- 
tals was ignited in a platinum crucible and charcoal fire, when 
he loss of weight amounted to 21. G6 per cent. 
We have thus, in 100 parts of the mineral : 

Oxygai 
cootanied. 

Silica, . 48.56 25.226 9 

Alumina, . 18.05 8.430 3 

Lime, . 6.13 1.721 } 

Soda, . 3.85 .984 ( 1 

Potash, . .39 .066) 

Oxide of Iron, .11 

Water, . 21.66 19.253 7 

98.75 



Mr A. Coiinell's Analysis qfGmelinite or Hydrolite. 
It sulficienily appears, both from the analyses of Vauquelin 
and ^tn that here detailed, that this miaeral is nearly allied 
to chabasite, in a chemical point of view, as, according to Mr 
Haidinger, it is crystallographically ; and it is not impossible, 
that if analyses applicable to different localities were repeated 
nnd sufficiently extended, the chemical formula for chabasite 
ndght be found to embrace gmehnite. It does not, however, 
apply to the above analysis, and still less to those of Vauque- 
lin. The formula indicated by the above result is, (C NK) S» 
4- 3 Al S' + 7 Aq. ; and it may be noticed that whilst this for- 
mula exhibits one atom of silica and one atom of water more 
than that for chabasite, the formula whicli a former anoly- 
fds (A levyne, a mineral also nearly allied to chabasite in a chemi- 
cal view, suggested, shewed one atom of silica and one atom of 
water leas than in chabasite ;* and that in gmelinite, bisilicate 
of alumina ts associated with tersUicate of lime and alkalies; 
in chabasite, with bisilicate ; and in levyne with silicate of these 
bases -f as appears from the furmulie : 

(CNK) S' + 3 Al S' + 7 Aq. Groelinile. 
(CNK) S' + 3 Al S' + « Aq. Cbabasila 
(CNK) S + 3 Al S' + e Aq. l^evyae. 

I have mucli less expectation that the chabasite formula will 
ever be found to embrace levyne ; because the proportion of si- 
lica and that of alumina, actually found in the Utter mineral, 
differ in a marked manner and in opposite directions from those 
in chabasite; whilst in gmelinite the difference is much less 
considerable, although still excluding the chabasite formula.']* 

* London and Edin. Jour. v. 40. 

■|- It was objected, on high authority, to the formula for lerjne, that the 
•ftaUne bascB cannot be in a lower stale of saturation than the earlhv, be- 
cauM they will, bj their stronger affinitj, take silica from tbe latter. Itut 
iniglit not a dniilar argument be employed iigniDstUieirev«rbeiaf(iu aaegtaU 
state of saturation ; and maj it not be osled, how, on thk principle, an alka- 
linf base should ever rest satisfied until it bail at k-aat got into that state of 
HtliTBlion which the name high authoritj considers [o be the neutral state ? It 
dvMDOt seem verr unreaaonafale to BuppMe, that the relatire states of saln- 
ntMB TO? be influenced b; the relative quantitiet of add and bases preseat. 



Ujxm Glaciers, Moraines, and Erratic Blocks ; being tht Ad- 
dress delivered at the npaiiitgqftfie Helvetic Natural Hittory 
Society, at Neuchatel, on the 24(A of July 1837, fry iU Pre- 
sident, M. L. Agassii. 

Genti.cme!!, — It is now a considerable period since the 
Neuchatel nienil)ers of our Society have longed for the time 
when they could invite their associates throughout Switzerland, 
to congregate amongst them. Circnni stances, however, over 
which they had no control, and more especially the erection 
of the building in which we are now assembled, and which is 
intended for tlie reception of the various scientific collections, 
have compelled them to delay this honour till they could prof- 
fer it wirhout inconvenience to their guests, and till they could 
submit to their inspection a part at least of their museum. 
Even now, in spite of the extraordinary exertions of the indfr 
fatigable keeper of our museum, but a small portion of the 
specimens are yet displayed ; they have likewise Iwen arranged 
with haste ; and the workmen have scarcely quitted the pre- 
mises. We therefore need your indulgence, but trust you 
will not the less doubt the satisfaction with which we receive 
you, and the high gratification it afibrds us. From our hearts 
we gladly bid you welcome ! 

On such an occasion as the present, we are naturally led to 
inquire, What is the bond which connects the different sciences 
that are prosecuted by our Society ? I do not hesitate to allinn 
that one grand idea pervades all the exertions directed to the 
extension of the limits of these sciences ; — it is a belief of a 
progressive development throughout creation, of a transforma- 
tion extending through different states which are dependent 
upon each other ;— it is the conception of an intelligible crea- 
tion, concerning which our task is to ascertain the relations in 
all the phenomena which come under our observation. In this 
view we may regard Astrononny, engaged with the formation 
of the celestial spheres ; Chemistry, investigating the difTerent 
actions which bodies exert upon each other; Natural Philosophy, 
appreciating the nature of those forces whose actions arc ascer- 
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tsined ; Natural History, considering the phases of life through- 
out animated nature ; and, finally^ Geology, which ventures to 
comprehend the history of our globe, to decipher its oldest 
records, and to represent them as one grand whole, whose va- 
rious revolutions have invariably tended to one great result. 

From the progress of these, there will, no doubt, one day 
appear a noble result, something worthy of Afan, which will 
introduce the cultivation of the natural sciences within the 
circle and sympatliies of social life, more powerfully than all 
the advantages which they bestow upon industry and the arts, 
however prodigious these may be. 

. Our society has not been a stranger to the movement here 
slluded to, and the names of its members appear honourably 
by the side of those masters in science who have united with 
us in our labours. This very day's meeting, belter perhapS 
than any other, may prove that my assertion is not at all exag- 
gerated. You, gentlemen, know that our small society has 
■erved as a model to those vast associations in Giermany, En^ 
Lind, and France, which can boast of so many illustrious names ; 
and if the labours which it has undertaken have appeared less 
brilliant than those accomplished by greater societies, it has at 
least given the first impulse to more than one interesting un- 
dertoking. 

Still more recently, two of our members have, by their re- 
searches, given rise to discussions of the deepest importance, 
and the result of which will resound far and near. The loca- 
lity in which we have now met, leads me again to introduce to 
your notice a subject whose solution will be found in the exa^ 
nination of the slopes of our Jura. I mean to speak of gla- 
ciers, moraines, and erratic blocks. 

Every one in Switzerland is familiar with the glaciers, and 
knows that their margins are bounded by dykes of roundish 
blocks which are called moraines, and which are continually 
pushed forwards, or abandoned, by the glaciers, as these ad- 
vance or retire. The inhabitants of the Jura especially are 
acquainted with another phenomenon which is striking among 
our mountains, — \ rasanlhal oi erratic blocks, or those masses of 
granite and other primitive rocks, which are found chiefly on 
the southern slopes of the Jura. It is not, however, so gene* 
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nOy known that other moraines esist besides those wfaidi, U 
the present day, skirt tlie edges of the glacieru. Messrs Venetx 
aod CharpeDtier were the first to introduce these to notice, bjmI 
tbey have observed them chietiy in the lower valleys of the 
Alps. One point regarding these remains still to be discussed; 
it is the connexion which it has been endeavoured to eata- 
blttih between these erratic blocks, and the glaciers which formed 
the nucleus ur matrix, so to speak, of the great moraines, the 
traces of which are stilt found upon the northern shores of the 
L>8lce of GeneTiL It is to this point I now intend to request 
your attention. 

The Jiidt, at all events, which have been obeerved by Messrs 
Venetz and Charpentier * have been gained for science ; and it 
is also important to proclaim tlieir extreme accuracy, for upon 
this naturally depends the validity of whatever conclusions may 
be legitimately deduced from them. 

At distances, more or less considerable, from the exiatiiig 
glaciers, we find, at different elevations, moraines which am 
perfectly similar to those which still encircle the glaciers. They 
are equally concentric, and form walls whicli follow the anuo- 
eaties of the sides of the valleys. Every where many stages of 
them may be discovered, tlie most elevated of which may be 
found some hundreds of feet above the bottom of the upper val- 
leys of the Alps, where glatiers now no longer exisL In de- 
scending into tlie lower valleys, we still encounter them, at tlie 
successive elevations of twelve and fifteen hundred feet, and 
even at eighteen hundred feet ; there are also some, which are 
quite distinct, at a height of two thousand feet above tite bed 
of the nhone, in the neighbourhood of Saint-Maurice in the 
Valais- They may he followed even to the margin of the Lake 
of Geneva. Some very elevated ones exist above Vevey, and in 
the environs of Lausanne, which correspond with those on the 
southern side of the lake. 

If these moraines are not generally noticed, this is owing to 

the fact, that they are much more elevated than are any of the 

common routes, and that those occurring in the lower distriots 

have generally been much disturbed by descending torrents. 

It is not at all a difficult matter to distinguish these ancient 
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morainei from the dykes which are formed by the overflow of 
water, and from the masses of debris, more or less extensive, 
which are produced by a%alanches. The dykes are very irre- 
gular, and extend only to small distances, when they gradually 
become level ; the masses of debris froai avalanches again aa- 
Bume the shape of very flattened cones, debouching from the 
valleys, and gradually losing themselves in the plains; whilst 
the moraines are continuous and parallel dykes or walls, which 
extend along the two sides of the valleys, and are formed of 
rounded blocks, that have been evidently triturated, so to 
speak, in ailu, one against the other, as actually happens 
at the margin of the modem glaciers, which occur in long 
and narrow valleys. The blocks of avalanches, on the con- 
trary, are angular ; those of the dykes formed by torrents 
may, indeed be rounded, when, for example, they are derived 
from broken up moraines, but then they extend theniselves in 
irregular plane surfaces or sheets i and when they are derived 
from recent avalanches, they are equally angular, unless in their 
progress they meet with ancient moraines, which they carry 
along with them, and mix with their own constiluent parts. 

That we may be convinced of the accuracy of these facts, 
all that is necessary is to traverse the valley of Chanmuni, there 
tracing the moraines which approach nearest to the glaciers, or 
to mount |>crpen{hcularly upon the sides of the valley of the 
Rhone, betwe^'U Saint-Maurice and Martigny, on the left bank, 
above the Pissevache, near the hamlet of Chaux-Fleurie (Tsait- 
fria), or on the opposite Imnk, ascending from the village of 
Morcles to the baths at Lavey. The rubbish of the late de- 
bacfet of the Dent du Midi, the immense avalanches whose 
traces are every where seen, and the numerous dykes filmed by 
the Rhone, will, moreover, enable us justly to appreciate the 
dHTereDee which exists in those various phenomena jiruduced 
by such diflerent causes. 

Lateral valleys, it ehould be remarked, exhibit the same phe- 
nomerut, which may be seen by ascending the course of the 
Aven^i, as far as the glacier of Paneyrossas:. 

In perambulating these valleys, nothing has exited my at- 
tention more than a peculiar polished apjieamnce which those 
rocks present on which glaciers have moved, an appearance 
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which may be observed not less distinctly in all the valleys the 
flanks of which are crowned with ancient moraines, at whatso- 
ever distance they may now be from the existing glaciers. In 
fact the whole aides of the valley of the Rhone are thus polish- 
ed, to the very shores of the Lake of Geneva, more than a day's 
journey from the glaciers, and in all places where the rocks are 
so hard as to have resisted the influence of the atmosphere. 

The explanation which M. de Charpentier has given of these 
factSjviz. that they are clearly produced by great masses of ice 
which, at a former time, had filled the bottom of all the Alpine 
valleys, does not appear to embrace the whole question, and the 
Jura exhibits a series of phenomena which lead to additional 
conclusions. 

That I may more satisfactorily discuss what I mean to ad- 
vance on this subject, I shall first make some remarks on those 
polished surfaces which are to be found over the whole of the 
southern slope of the Jura, and which are designated lavet by 
our mountaineers, as we are informed by M. Leopold de Buch, 
the individual who, of all geologists, was the first deeply to study 
the Ncuchatel Jura, and who has most successfully investigated 
the subject which now engages our attention. 

The southern slope of the Jura, which fronts the Alps, ex> 
hibits these laves to its very summits, from the shores of the 
lake Bienne even to beyond Orbe, limits within which I have 
myself ascertained their existence.' They are polished surfaces 
completely independent of the slratlfication of the beds and oi 
the direction of the mountain-chain of the Jura ; they extend 
over the whole surface, following its undulations, and are equal- 
ly marked upon the Neocomian and the Jurassic rocks; they 
penetrate into the depressions which form the little valleys, and 
elevate themselves on the most isolated ridges, presenting a po- 
lish not less uniform than that uf a mirror, especially where the 
rocks have been recently exposed, that is to say, cleared of the 
earth, gravel, and sand wliich generally cover them. These 
surfaces are sometimes plane, sometimes undulated, and often 
even traversed by furrows more or less deep and tortuous, or 
with longitudinal very rounded elevations, but which never fol- 
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* They cilcnd much furlhtr, ai we lenrn br « letter rnm M. 
ceived J11I7 25, nnd inierted in Ihe TrAnwctlom of tbe Sodelj, p. 
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low the direction of the slope of the mountain ; on the contrary, 
like the gibbosities, these furrows are oblique and longitudind, 
a direction which excludes every idea of a stream of water be- 
ing the cause of these erosions. Another curious fact, which 
is quite inconsistent with the action of water as their cause, 
is, that these poiished surfaces are uniform, even where the 
rock is composed of fragments of different degrees of hardness, 
and the shells which it contains are sUced as in an artiiicially 
polished slab of marble. AVe likewise remark, upon the sur- 
faces which are at all fresh, a number of fine lines or scratches, 
similar to those produced by a diamond on glass, and which 
in general follow the direction of the oblique furrows. 

The localities in which these appearances may most readily be 
perceived in the environs of Neuchatel, are the Mail, on the side 
of the lake, at the surface of the Neocoiaian formation, and at 
the Flan, at the spot where the old road joins the new one. The 
most remarkable, however, are at some distance from the town, 
as, for example, above Landeron, on the surface of the Port- 
land rock, at the confines of the vineyard and the forest, in 
the neighbourhood of Saint-Aubin and above Concise. 

In some localities great excavations may be observed, and 
even something very like walls, which could only have been 
produced by the cascades which descend between the fissures 
of the ice. To any one who has examined in the Alps the 
bottoms of the ancient glaciers, it appears manifest that it 
is the ice which has produced these (xilished surfaces, as, for 
example, those in the valley of the llhone, to which we have 
above alluded. It is worthy of remark, that these surfaces are 
never found at the bottoms of the small longitudinal valleys 
which are formed by the abrupt faces of the different zones of 
beds which compose our chains, nor even upon the escarpment 
of those of such mural walls as look towards the mountain, 
whilst I have noticed them on many sleeps which look towards 
the Alps, as, for example, along the new road between Saint- 
Aubin and the Castle of Vauxmarcus. 

It is of no less importance to point out the differences which 
exist between these laves and the other polished surfaces with 
which they may be confountied, but which resemble them only 
in a few particulars. I allude to the polished surfaces which 
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are produced by faults, or by tlic sbding of strata upon one 
another. The former of these, pcuetrating vertically or ob- 
liquely across many strata, are not visible except when one fd 
tlie sides of the ruptured rock is sunk ; lliey are, nioreovK-, 
sever seen over a somewhat extended surface, as are the laves : 
the latter, or eliding strata, sometimes present surfaces which 
are pretty extensive, when the beds above the slide have been 
removed ; but then the grooves or furrows produced by the 
diding are in the direction of the slope, which is by no means 
one of their characters on the surface of tlie Java. Surfaces 
which are polislied by the action of water also possess a pecu- 
liar character, whether produced by running streams or by 
more considerable inasses of water contained in a lake, fee. 
In the former case the sinuous furrows always descend ; wbiUt 
the furrows and the gibboNties of the laves ascend and descend 
with the accidental surface of the polished rock. In the latter 
case, the waters, agitated near the shore by the winds, and 
raised above their habitual level, always regain their equili- 
brium, and thus form unequal furrows, more or less deep, which 
usually follow the line of the greatest inclination, at all events 
when there are no local peculiarities to impart to them a dif- 
£K«nt direction. This occurs when the waters of the lake are 
hi^ or low, in spring-time and autumn. All thee^e diSerences 
may be studied in the immediate «eighbourhoo<l of this city, 
by comparing the polished surfaces of the Mail with the ero- 
uons produced by the lake in the prolongation of the same 
beds, or with the sinuosities which have been produced by the 
Seyon in its ravines. I may add, that the polished surfaces 
produced by the action of water are never so smooth as these 
laves, or as the surfaces polished by the glaciers. When the 
water is charged with sand or mud, the same effects are pro- 
duced, with this modification, that they are not quite so marked. 
I have not hitherto had occasion particularly to study the effects 
produced by great masses of water charged with ice ; I believe, 
however, they are nuicli the same as those produced by simple 
water. One thing is clear, viz. that in the beds of our rivers, 
and at the margins of our lakes, both of theftc effects are pro- 
duced; and it is moreover evident, that floating ice can pro- 
duce no action at tlie under surface of the water that supports 
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it It follows, therefore, that it is only the movement of great 
masses of ice immediatelj- upon solid masses, which can pro- 
duce effects similar to the polish which we remark upon the 
margins of the retreating glaciers. This last phenomenon per- 
fectly resembles that which is exhibited by the laz<es of the 
Jora. 

By this similarity alone we might be led, in application to 
this phenomenon, to coriclude, that like causes have produced 
like effects. But there is another class of considerations which 
more directly lead us to associate these two phenomena, and 
which will compel eren those who would resort to different 
agencies, to regard them under one and thesame point of view, 
We have witnessed moraines on the very margin of the lalte 
of Geneva, and on both banks, at tlie same elevation ; we have 
thereby the certainty that there was a time when the lake was 
frozen to tlie Ixittom, and when this ice was elevated to a con* 
siderahle height above its present level. 

But we also know that all the moraines which remain in siiu 
are such as the glaciers leave in retiring. Since the epoch, 
then, which I have just mentioned, or in which the glaciers 
still debouched in the lower Swiss valleys, they have gone on 
diminishing and retiring into the more elevated and higher 
valleys. 

Here, then, a question naturally sugppsts itself, Have lho« 
glaciers which have extended to the greatest distances, descend- 
ed from the summit of the Alps ? or was there a time when the 
ice was naturally formed beyond the limits within which we 
now see it confined, reaching even to the Jura, and poaaibly 
beyond it ? 

The level of the moraines on the shores of the J^ke of Ge- 
neva, viz. 9500 feet above the sea, and the nature of the po- 
lished surfaces on the Jura, would lead to this conclusion. We 
have, moreover, only to mark on a chart of the levels the 
heights of the moraines which delxiuch in the diU'erent localities 
of the alpine chains, to be convinced that ice at one time 
covered the whole of the plain of Switzerland, and reached the 
slope of the Jura. " 

* M. Kod. Blancliel, who bu been engigod ujion tliis siiliJecL, bas soo:e 
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In truth, the difference of level between the elevation of the 
moraiaes on the border of the lake of Geneva, of those in the 
neighbourhood of Vevey, and on the side of Savoy, and that 
of the polished surfaces which are observed above the margin 
of the lake of Neuchatel, and onwards to the very summit of 
Chaumont, is such that the sheet of ice which filled the space 
comprised within these limits, must have had a certain inclina- 
tion, since the level of the lake of Neuchatel is only 1344 feet 
above the level of the sea, tliat of the zone of Pierre-i-Bot, 
»long which the greatest number of boulders is found, is S150 
feet, and the summit of Chaumont itself is only 3619 feet 
above the level of the sea. 

This being the case ihon, we are not only entitled to attri- 
bute to the action of ice all the polished surfaces we find on the 
slope of the Jura, hut also to regard these surfacesas acertain 
index of the wider limits which the ice had at a former period 
both over the Jura and the Alps. 

M. Charpentier imagines, that these masses of ice were gla- 
ciers which were formed on the summit of the Alps, and which 
had descended into the plain, and had then been elevated to the 
heights in which we now find their traces, forcing before them 
the blocks which are now reposing on the Jura. There is a. 
striking fact, however, whichis in opposition to this explanation : 
it is, that the Jura blocks are usually less rounded and e^'en of 
a larger size than those which are found in the moraines at the 
margin of the existing glaciers.* If our blocks had been thus 
rolled in front of a glacier from the Alps as far as the Jura, 
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timengo remarked, that the summit ortlie P^terin, the roaunlain which over- 
kings Vevey, fronting the opening into the V^Uais, and elevtted 3301 French 
feet >l>ove the sea, and which ia compoied of a CMrte-grsined congluiuerate, 
Is polished nenr Ihu to[i, at a ipot where there Is no water even tu farm a little 
rivulet, ind no palb, or anv other jiolishing cnusf which can be adduced. It 
b therefore to a height of 3300 feet at least, thai we may carry the elevation 
of that Ice which filled the basin of the Lake of Geneva, the surface of which 
lake is now at an elevation of IU6 feet. Oa the summit of (he Pilerln ii 
the reitiag-j^ix of the ice whow level was 3300 feet above the level of the 
tea. We have no data, however, to indicate what naa its thicknen at thia 

pi™. 

ThcM ftcts do not at all agree with what M. Ello de Beaumont has de- 
scribed respecting the valley of the Durance. 
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they must generally have been rounded and amaller, siid there 
must also have been iraniense moraines reposing on the Jura, 
which, however, have no existence.* 

The prevailing opinion attributes the transport of these 
blocks to vat^t currents of water, or to floating ice. 

The greatest difficulties which exist in this theory, and we sha!'. 
mention but a few of them, are first to give a sufficient expla- 
nation of the origin of these currents, and of the rapidity it is 
necessary to assign them, in order that they might be able to 
transport such enormous masses; if, at the same time, it be admit, 
ted, as every thing seems to indicate, that they have been trans- 
ported n^fr the elevation of the Alps. For in this case these cur- 
rents must have started from the cre*ts whichseparate the valleys, 
because the phenomenon of the blocks presents ilself in all the 
Alpine valleys, and on both slopes of the chain ; that is to say, 
to meet the exigencies of the case they must have been projected 
from all these creats-I- with an impetuosity which would not 
permit the blocks to fall below the level in which they are found 
in the Jura and the Alpine valleys where now there are no gla- 
ciers, for even the existence of tlie great moraines is denied, in 
order that the deposition of their blocks may be attributed to 
the same streams. But how is it possible that currents of wa- 
ter of several leagues in length (I here speak of the lateral vc'.. 
leys which debouch into the principal ones) could have con- 

' I liave DO intention of describing Ihe distriliulion of tlic crrulic Mocka 
which occur on the slopes of the Jura, inssmuch as the; are gencmllj' ktiova 
»lnceth< publication of the reaeaivhes of Messrs L*op. cle Buch, of EKher de 
la Linth, and of De Luc an the subject. 1 shall only lemark, that their k* 
cumulation In dilTereiit places does not at nil agree with the theories which 
have been proposed to explain their Iranaporl. Thus the greatest accumu- 
lations, so far OS I know, are found at an inconsiderable distance from each 
other, near the summit of Mont Auber, and at the bottom of Noiraigue, 
which are at very ilift'erenl levels, and are not in an ascending line whoaa 
summit would be Cliaaseron. On the contrary, ujion the border of the se- 
veral steeps of the Jure they are niost martellly seen, and more particularly 
OB the line which the depression of the upper Ijedsof the Porlland Boclc pru. 
duces along the whole length of the Ncuchatc! Jura, between the Caslle of 
Neuveville, Fontaine-Andri!, Pierre-l-Bol, Troirod, ChatiUon, F^e^en^ Mu- 

f Any system of banking up or of hreaking up, which can be imagined, 
will never esplain so many facts common to so many valleys. 
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veyed such immense blocks to an elevatiou of more tlian a thou> 
aand feet ? Moreover, the fact that the liloclis of the different 
vallej's are not similar, and that they are spread, fan-shaped, to 
a certain distance round the Alps, excludes the idea of that ex- 
treme rapidity which has been ascribed to the currents for the 
simple purpose of explaining this transport, withoui considering 
that it must, at the same time, hare produced effects, a trace 
of which is no where to be found. This fact, then, most 
completely excludes the idea of a grand diluvial currmt pass- 
ing over all Switzerland in any direction whatsoever. If, again, 
it were before the elevaUon of the Alps it is supposed the phe- 
nomenon occurred, I ask, how has it happened that the line* 
of these blocks fomietl in the Alps have not been dislocated by 
the uprising ? For in this case the continuous and parallel 
dykes of blocks which may be seen upon bolkjlanks of the whole 
of the Alpine valleys, and which follow them in all their wind- 
ings, whatever may be their direction and tortuosity, will re- 
main inexplicable, the water proceeding in a rectilinear courae 
in the different windings of the bed in which it flowed, whilst 
the ice alone acted wilh the same energy upon every point of 
the basins which it filled. 

The objections which may be made to the theory of currents 
are all applicable, to a certain extent, to the theory advanced by 
several naturalists of their being conveyed by icebergs. It is 
no difficult matter to transport, in imagination, upon these float- 
ing islands great angular blocks even to the Jum ; but the 
other particulars of this great phenomenon are not thereby 
better explained than by the help of the currents, were we even 
to admit with M. Elie de Beaumont that the water which fed 
them proceeded from the glaciers as the source. 

Another objection of the greatest weiglil, made by M. Schim- 
per to this theory is, the present siatc of the lakes of the great 
Swiss valley. If the blocks have been carried by the currents 
from the Alps to the Jura, these currenis must naturally have 
passed over the lakes and the longitmlinal and trans.erse val- 
leys which occur between the two chains. How then has it 
happened that these lakes and valleys were not filled up, and 
how are we to explain the angular escarpments of thdr margina ? 
However violent, rapid, and deep, these currents may be Btij^- 
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posed, and were we even to imagine, contrary to every physical 
law, that they could hove conveyed blocks of granite of the 
mze of 50,000 cubic feet, as is that of Pierre- ii-Bot, still they 
tnust have had their impetuosity diminished some time, and 
then the remains must have filled up some of the inequalities. 
Notwithstanding, there are no blocks to he found between the 
Alps and the Jura. 

If, according to another hypothesis, the great boulders are 
conceived lo have proceetled more gradimlly amongst great 
masses of mud and rubbish, so thick as actually to carry thein 
along, how has it happened that these masses have not extin- 
guished all the inequalities of Switzerland ? How has it hap- 
pened that the blocks alone should have been deposited after 
•heir arrival on the Jura, and the masses of mud which had been 
tlble to convey them so far, should then have flowed away, so 
BS to leave them in their places? 

There are still additional considerations which oppose them- 
selves to the adniisKton of any of these currents. 

The erratic blocks of the Jura every where repose on polish- 
ed surfaces, all those at least which have not been carried be- 
yond the erects of our mountains, and which have not fallen 
to the bottom of our longitudinal valleys, ns may be seen 
throughout the valley of the Creux du Vent. But they do not 
repose imfniinte/t/ upon these polished surfaces, Wherever the 
rounded pebbles which accompany the great blocks have not 
been removed by subsequent influences, it is remarked that 
BiBtdl blocks, in other words pebbles of diflerent sizes, form a 
bed of smne inches, and sometimes even of many feet, tipan 
which the great angular blocks repose. These pebbles are also 
much roundeil, even polished, and are heaped up in such a 
way that the larger are above the snialier, and that these last 
often pass below into a fine sand, lying immediately over the 
pdished surfaces. This order of superposition which is con- 
atanl, is opposed to all idea of a transport by currents ; for in 
this latter case the order of the superposition of the pebbles 
would have been precisely reversed. The presence of a fine 
sand at the surface of the polished surfaces, pnr^es, beyond dis- 
pute, that no powerful cause could have been in operadon, and 
that no important catastrophe cmdd have affected the surface rf 
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the Jan, anee the epoch of the tnu apu rt of theae alpoe rocks, 
or, ID other words, that the polished sarfiMCs have not been 
diilocaled or diuiubed noce the tnnspnt of the Uocks. But 
as these Hir&ces fbnn a large part of the northern bank of the 
lakes of Neuchmtel and Btenne, they prove, so far as they are 
cooccTDed, that the SiHss lakes had previously existed ; and 
the continuity of the mffl^nes, upon the opposite banks of the 
Laket^ Geneva, proves that this basin Ukewise was anterior to 
the transport, since it has preceded the formation of the moraines, 
as we ishall very soon see. 

In considering the intimate connection between the difTerent 
facts which we have just been describing, it is manifest that 
every explication which does not Of^coun' at the same time for 
the polish of the surface of the soil, for the superposition and 
the rounded fu-m of the pebbles, for the sand reposing imme- 
diately upon the poliiihed surfaces, and also for the angular 
form of the great superficial blocks, is an explication which is 
quite inadmissible as accounting for the erratic blocks of the 
Jjrs ; and these objections forcibly apply to all the hypo- 
theses respecting the transport of blocks with which I am ao 
quainted. 

I shall now proceed to that explanation of the phenomena 
which I consider the most plausible ; and which is (he result of 
my own views, together with those of M. Schimper, upon the 
subject. In glancing at many general questions which ait 
connected with the explanation, 1 have no intAtion of expa- 
tiating upon them. I wish simply to demonstrate that the 
subject now before us has a relation to the most interesting and 
important geological inquiries. 

The study of fossils has for some time led to very unex- 
pected results, especially since it has assumed a physiological 
character ; that is to' say, since it has been recognised, that a 
progressive development exists in the whole r<tnge of those 
organized beings which have formerly peopled the earth ; and 
aince epochs of renewal have been recognised throughout the 
whole. Those individuals who have admitted this progression 
ought not now to entertain any fears in prosecuting these con- 
sequences to their legitimate limits ; and the idea of a uniform 
and constant diminution of the earth's temperature, such as is 



M. Agassiz on Glaciers, Moraines, and Erratic Blocks. 977 
DOW sometimes admitted, is so contrary to every pliysiological 
idea, that it must be strenuously repelled, to make way for 
another, viz. that there has been a diminution of temperature, 
which has been accidental in relation to the (levclopment of the 
organized beings that have appeared and disappeared one 
after the other at determinate epochs, maintaining itself at a 
particular mean temperature during a given era, and diminish- 
ing at certain fixed epochs. 

As the development of individual life is always accompanied 
with that of heat, since its continuance establishes a certain 
equilibrium of longer or shorter duration, and since its extinc- 
tion produces an icy coldness, I conceive I deduce only legiti- 
mate inferences, when I conclude that the same phenomena oc- 
curred upon the globe: that the earth, when it was formed, ac- 
quired a certain very elevated temperature, which progressive- 
ly diminished during the different geological formations; that 
during the continuance of each of them, the temperature has 
not been more variable than that of our globe since it has been 
occupied by its present inhabitants, but that it has been at the 
epochs of the disappearance of these inhabitants that a fall in 
the temperature has taken place, and that this fall has been 
beneath the temperature which prevailed in the subsequent 
epoch, and which re-appeared with the development of the 
newly animated creatures which were called into existence. 

Ifthis theory be correct, and tlie facility with which it explains 
so many phenomena which have hitherto been deemed inexpli- 
cable, induces me to believe that it is ; then it must follow that 
there has been, at the epoch which preceded the elevation of 
the Alps and the appearance of tlie existing animated world, 
a fall of temperature far below that which prevails in our days. 
It is to this fall of temperature that we must attribute the for- 
mation of those immense masses of ice, which must universally 
have covered the surface, where we find these erratic blocks 
along with rocks which are polished as are ours. It is also, 
unquestionably, this extreme cold which has enveloped the 
Siberian mammoths in ice, has congealetl all our lakes, and 
accumulated the ice as high as the ridges of our Jura, which 
existed before the elevation of the Alps. 
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This accumulation of ice above all the hydrographic baUDS 
of Switzerland may easily be supposed, on reflecting that vrhea 
lakes are once frozen to tlie level of their emerging current, the 
running waters no longer drain off, and those of the atmosphere, 
augmented by the vapours of the suulherii regions, which, ud- 
der the circumstances, abundantly precipitate themselves to- 
wards the north, must have moat rapidly augmented theextrat, 
and raised the level even to the height which has already been 
established by the foregoing facts. The winter of Siberia was 
for a time established npon a soil previously covered with luxu- 
riant vegetation, and peopled with great Mammalia, whose fel- 
lows in our day inhabit the warm regions of India and Africa. 
Death enveloped nature in its winding-sheet, and the cold resell- 
ing its extremest limit, gave to this mass of ice, at the masiinum 
of tension, the greatest hardness it could acquire. When any 
(me has frequently witnessed the congelation of a lake, he can 
then form a conception of the vast resistance of ice in this coo> 
dition, and to what immense distances hard bodies which are 
thrown upon its surface may glide in consequence of even a 
feeble impulse, 

The appearance of the Alps, the result of the greatest con- 
vulsion which has modified tlio surface of our globe, found its 
surface coverwl with ice, at least from llie North Pole to the 
shores of the Mediterranean and Caspian Seas. This upheav- 
ing, by raising, breaking, and cleaving in a thousand ways, t .e 
rocks which compose the prwligious mass that now forms the 
Alps, at the same time necessarily raised tlie ice wliich covered 
them : and the debris detached fiom so many deep iipbreakings 
and ruptures, naturally spreading themselves over the incliiH-d 
surface of the mass of ice which had been supported by them, slid 
along the declivity to the spots where they were arrestetl, with- 
out being worn or rounded, since they experienced no friction 
against each other, and even when arrested came in coDtact 
with a surface so smcmth ; or after beiug stopped, they 
were conveyed to tlie margin, or to the clefts of this im- 
mense sheet of ice, by that action and those movements 
which characterise congealed water wlieii it is subjected to 
changes of temperature, in the same manner as the blocks 
of rock which fall upon glaciers, approach their edges in 
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consequence of the cuntiniial movenienls Hliich (lie ice expe- 
riences, ill alternately melting and congealing at the differ- 
ent hours of the duy and seasons of the year. These effects 
ought to be described in detail ; but as they are partly knuwn 
I shall not dwell upon them." I shall only remark, that the 
power (jf the action, so far as the ice is concerned, is inimeuse; 
for these masses, continually moving upon each other, and on 
the surface, bruise and grind down every tljing moveable, and 
polish the solid surfaces on which they repose; at the same 
time that they push before them all that they encounter, with a 
force which is irresistible. It is to these movements we must 
attribute the strange superposition of rolled pebbles, and of 
sand which immediately repose upon the polished surfaces ; 
and it is unquestionably to the grating of this sand upon these 
Burfttces that the fine lines which we find are owing.^and which 
would never have existed if the sands had been acted upon by 
a current of water ; for neither our torrents, nor the stormy 
waters of our lakes, produce any thing like this uiMjn the very 
same rocks. As to the longitudinal direction uf these fine lines, 
and of the furrows which are observed upon the polished sur- 
faces, it ought to be observed that they must have resulted from 
the much greater facility which the ice had in dilating itself in 
the direction of the great^Swiss valley, than transversely, con- 
fined as it was between the Jura and the Alps; the phenomenon 
itself commencing only willi the retreat of the ice, at the time 
that the Alps appeared. I have not the slightest doubt that the 
greater number of the phenomena which have been attributed 
to vast diluvial currents, and in particular those which M. 
Seefstrom has recently made known, have been produced by 
ice. 

Upon the elevation of the Alps, the surface of the earth 
would be reheated, and the caloric disengaged on every side 
noidd produce the melting of the ice, which would gradually 
retire into its present domain. Clefts would first be formed in 
those places where the ice was thiuuest, that is to say, on tlie 
BUmmits of the mountains and the hills which were covered by 



* M. SiJiiinpeT bu wriUen a mail inletejlinf; work upon the effectiof ic^ 

to wbicli i should bare been most happj to refer if U bad Iteeo published. 
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it, afterwartis upon ihe most saliant parts of the plain ; valleys 
of drainage would then be excavated at the bottom of tbeae 
clefts, in localities where no current of water could flow without 
being inclosed within congealed walls ; and when the ice had 
completely disappeared, the great angular blocks which had 
covered its surface, or had fallen into the clefts, would be found 
upon a bed of small rounded pebbles, under which is usually 
found a layer of sand. In melting from the surface, the ice must 
necessarily have continued longest in the depressions of the 
country, in the little longitudinal valleys which are formed by 
the different zones of the strata of the Jura, and at the bot- 
tom of the lakes ; and it is undoubtedly to this circumstance we 
are to attribute the extraordinary position occupied by so many 
of these blocks, which are perched up, scarcely in equilibrium, 
upon the highest points of rocks ; and also their constant ab- 
sence in the hollows, where they are not found, except at least 
where fresh momentary expansions of the ice were able to pre- 
cipitate them. 

So long as the level of the ice on the Jura had not fallen be- 
low the line of Pierre-i-Bot, the blocks which were yet spread 
over its whole surface, might continue their descent towards the 
Jura; but so soon as the ice became thin over the plain of ' 
Switzerland, it must have very speedily disappeared, and have 
only left portions in the deep valleys, and in the basins of the 
lakes, that is to say, it must have been soon confined to the lower 
valleys of the Alps. 

In reflecting upon what must necessarily have occurred upon 
this disappearance of the ice, we are naturally led to think that 
the transport of the rolled pebbles of the valley of the Rhine, 
and the deposition of Loss, must have been among its first ef- 
fects ; and this is confirmed by the facts, that these pebblesare 
the same with those which we found along with our blocks, and 
that the Loss is eviciently the residt of the detritus of the mo- 
lasse. The frequent dibacUs of the ice could only at that time 
convey blocks upon the masses of ice to great distances, or carry 
them farther in their curren.. 

The melting and maceration of the ice and its repeated con- 
gelation in cold weather have produced many other geolog.'^ 
effects, which it is difficult to account for as produced by any 
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other causes. Without again recurring to the valleys of drain- 
age or eTDsion, I may mention those deep furrows which are 
not fissures, and wliich have above them plains of great extent ; 
alao those small lakes which are sometimes formed near the 
edges of the glaciers, and which stj affect tlie small stones that 
are accumulated at iheir margins, as to impress upon them the 
appearance of stratification ; or again, the analogous phenomena 
which are observed upon the limits of different stations where 
the immense sheets of ice have successively stopped iii their re- 
treat ; and likewise the dispersion of the hones of the Mamma- 
lia at the dlluvian epoch, without their being at all rolled or 
broken, and in short, a number of other particulars which have 
no interest except when we embrace the whole of the question. 

From this moment the surface of the earth must have been 
afresh subjected to the influence of the regular succession of 
the seasons. Then apjieared the first spring time of the ani- 
mals and plants which flourish in our days. The ice had re- 
tired to the foot of the Alps, and from their summits It began 
to receive fresh reinforcements. Speedily it reached its last 
Xetreats, where it is ever oscillating, sometimes gaining in ex- 
tent, and forcing the blocks before it, and sometimes again re- 
tiring within narrower and narrower hmits. At each step of 
ground they abandoned they left behind them, as the existing 
letreating glaciers now do, some of those long dykes of blocks 
which still exist in the Alpine valleys. Soon, too, the lakes 
themselves would melt, the waters would assume their present 
courses, the valleys of the Alps would be drained, and there 
remained no more ice, the product of former congelation, ex- 
cept on the summits of snow. clad mountains. 

It would be a great mistake, tlierefore, to confound the 
glaciers which descend from the summits of the Alps with the 
phenomena of the epoch of that extensive ice ivhich had pre- 
ceded their existence. 

The phenomena of the dispersion of erratic blocks, then, 
ought not any longer to be regarded in any other light than as 
one of the circumstances which have accompanied the vast 
changes occasioned by the full of the temperatures of our globe 
previous to the commencement of our epoch. 

VOL. XXIV, NO. XI.V1II. APEIL 1838. C C 
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The admisnon of an epoch of cold, which was so intenK u 
to cover the earth to such distances from the pal<?awith so vast 
a mass of ice as we have been contemplating, is a gup|KMition 
which appears in direct contradiction with those well known 
facts, which shew a considerable cooling of the earth ftince the 
iBOGt remote period. Nothing, however, has proved that tlib 
refrigeration has been constant, and that it has occurred with- 
out oscillations. On the contrary, whoever hat' been in the 
habit of studying nature in a pl)y8iologicai point of view, will 
be much more disposed to admit that the temperature of the 
earth has been maintained, without any considerable oscilla- 
tions, to a certain degree, during the whole period of any get> 
logical epocl), as is occurring in our own epoch, since it has 
diminished suddenly and considerably at the termination of 
each epoch, a change accompanied by the disappearance of the 
organized beings which cfaaracleHzed it, that it may rise again 
with the appearance of a new creation at the comraenceinenl of 
the following epoch, although at a lower degree of uieaa tem- 
perature tiian the preceding one, so that the dimiuutioa of the 
temperature of ihe globe may be expressed by the following 
line: — 



Thus, the epoch of extreme cold which preceded the pre- 
sent creation, has only been a passing oscillation of the tempera- 
ture of the globe, somewhat more considerable than the periodic 
refrigeration to whicli the valleys of our Alps are subject. It wua 
attended by the disappearance of the ajitmals of the diluvian 
epoch of geologists, as the mammoths of Siberia still attest, and 
preceded the uprising of the Alps, and the appearance of the 
animated nature of uur day, as is proved by the moraines, and 
the presence of fish in our lakes. There was thus a complete 
separation between the existing creation and those which have 
preceded it ; and, if the living species sometimes resemble in 
our apprehension those which are hid in the Iwwels of the earth, 
it nevertheless cannot be affirmed that they have regularly 
descended from them in the way of primogeniture, or, what is 
the same thing, that they are identical species. 

By prosecuting these views, we may anticipate the time will 
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come when we shall be able to tleternnine the geological period 
at which the sun began to exercise an influence upon the siir- 
fiice of the globe, so considerable as To produce the differeoces 
which now exist between the different zones, without these 
effects being neutralized by the influence of the internal heat, 
from which the eartli must for a tiuie liave enjoyed a very uni- 
form temperature over all its surface. 

This theory, I fear, will not be adopted by a. number of out 
geologists, who liave settled and confirmed opinions on the 
point ; but I anticipate it will be with this question, as with 
many others which assail old and established views. At all 
events, whatever opposition it may experience, it will remain 
true that the numerous new facts relating to the transport of 
blocks which 1 have pointed out, and which may be studied bo 
easily in the valley of the Rhone and the environs of Neuehatel, 
have brought tite discussion into wholly different ground from 
that on which it has hitherto been debated. 

When M. de Bucb for the first time affirmed, in op]msition 
to the formidable school of Werner, that granite is of Plutonic 
origin, and that the mountains had been uplifted, What did 
the Neptunists say ? At first he sustained bis jxisition alone ; 
and it has only been by his defending it with the innate powers 
of genius, that he has made it triumph. It is happy fur us, 
that in scientific discussions, numerical majorities at first have 
never decided any question. 

The form into which I have thrown these observations will, 
I trust, banish all discussion on the subject at the present mo- 
ment; and as, at the same time, I cannot hope that 1 have 
convinced every one of the truth of my views who have beard 
them for the first time, I propose the Geological Section as the 
most suitable for any discussion which may follow. I sludl 
then make it my business to meet any objections which may 
be started ; and, for the sake of truth, I earnestly solicit them. 
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?iotice of Observations made on the Rapidity of Motion, and m 
the Duration <^ the Stf^pages on tlu Liverpool and Mattchet- 
ter RaUuay.* By Edwarp Sang, Esq. F.R.S.E., late 
V.P.S. A., Lecturer on Natural Philosophy, Stc Ellin. 

(CommuDicBted bj the Society of Arts.) 
If any one had a3serte<l a century ago, that vghiclea carrying 
a dozen of passengers would be drawn at the rate of ten miles 
an hour from London to Edinburgh, not merely now and then, 
but every day throughout the year, he would have been ridi- 
culcd as talking of an impossibility ; so ten years ago, the pro- 
spects of evtr being able to travel at twenty or thirty miles an 
hour, seemed almost as unreasonable. 

The velocity of twenty-five miles an hour is, however, already 
attained , and speculations are afloat as to whether even that 
prodigious rapidiiy may not yet be exceeded. That a for 
greater velocity than twenty-five miles an hour can be obtained 
by locomotive engines on a well laid rail, is certain ; for at pre- 
sent that velocity is steadily maintained with a train of ten or 
thirteen waggons, each having from twenty to twenty-four pas- 
sengers. 

The question is, not whether such a velocity as forty or fifl^ 
miles an hour can be had, but whether it be practicable at sucb 
a speed to regulate and command the machinery ; and whether 
the increased expense may not counterbalance the advantages of 
such a rate. 

To the first of these questions I mean at present to attend. 
During the last summer, I bad occasion to travel twice every 
week from Liverpool to Manchester, and back ; the total extent 
of my journeys on the rail being somewhere about 800 miles. 

At the first, the rapidity with which the objects in the vicinity 
of the road were passed, and the apparent rotatory motion 
which those even at a distance seemed to have, caused an un- 
pleasant and confused sensation, which was removed at once by 
looking at the parts of the train, or at objects several miles off. 
One or two trips, however, served to accuslom the eye so well 
as to allow of an inspection of the objects nt the very edge of the 

■ Bead before the Sod«t; for the Eocouragemeiit of the Useliit Arti in 
Smthnd, 15th Februir/, 1837. 
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rail-road, and then ihe sensation of rapidity, which hardly ever 
leaves us while travelling in a coauh, disappeared entirelj'; and 
it was only by looking al the passing objects, or by attending to 
the rattle of the steam, that I could form an idea of the rate. 

With the velocity of twenty-five miles an hour, even when 
exposed to the eurrent of air, there was not the slightest ap- 
proach to any feeling that would lead me to suppose that four or 
five times the velocity would disable the engineers from directing 
and managing the train. Such was the result of my own obser- 
vation, and it was fully borne out by the experience of the men. 
I may cite two instances of common occurrence. 

When the train arrives at the foot of one of the inclines, the 
banking engine follows to assist it up. Now one would be apt 
to imagine that, for the purpose of attaching the new engine, 
the train would stop, or that if it did not, there would be a con- 
cussion when the banking engine comes in contact. 

So completely, however, are these powerful engines under the 
control of their directors, and so well are they managed, that a 
passenger in the train who is not aware of what is going on from 
ocular perception, is altogether unconscious of any change. I 
frequently watched this operation, but on no occasion could per- 
ceive the slightest shock, even when situated only one or two 
carriages from the end of the train. The only thing noticeable 
was, that the springs which keep the carriages apart were com- 
pressed, and that their shadows on the ground approached each 
other. 

On one occasion, the banking engine had got before us on tlie 
incline; as the hooking of it on in .such a situation was a much 
severer test of the skill with which matters are managed, I 
attended closely to the operation. We were going fully twenty- 
five miles an hour. The banking engine gradually slackened its 
rate, and allowed the train to gain upon it, until it could be 
hooked on, — that done, more steam was given, and we proceeded 
with its assistance, yet not the shghtest shock was felt in the train* 

These facts are sufficient to shew, that much greater rapidity 
is practicable, so far as the power of managing the apparatus is 
concerned. 

As to the rapidity itself I made some observations. Tweoty- 
' fin mileB an hour is not bo very rapid. Over and again I saw 



S66 Mr Sang on tlu Rapidthf ofMoHon, 4^. 

bees not merely keep pace with us, but fly round bdcI across cbe 
coach, and that not by help of any current of air whEcli might be 
supposed generati'tt, hut at several feet distant from the train. 
At times, too, specimens of the lAbelhila grandis kept up with 
us over a stretch of half-a-inite ; while the smaller birdm, such as 
the linnet, were unable to cope with the steam. Once I almost 
caught one, which, flying with all its might, remained opposite 
the window for a few secondt. 

The eflect of long-continued travelling on myself, wsslogire 
me a perfect distaste for hor9e-coachea. It seemed, on getting 
out of the steam -carriage and into the hackney-coach, that we 
were standing still, or moving at a snail's pace \ and after four 
or five trips, the thing became so intolerable, that I preferred to 
send my luggage by an omnibus, and to walk into town. 

If a rail-road be regarded only as a means of communication 
between two distant towns, I should have no hesitation in saying, 
that a rate of even one hundred miles per hour could be main- 
tained with perfect safety to the passengers ; but it is different 
if passengers have to he lot out at stations along the line, for then 
the trouble and expense of stopping the train comes to be con- 
sidered. 

To form a correct notion on this head, I noted, during two 
journeys, the times of arrival at each quarter mile mark, and also 
the instants of starting,^^)f letting ofi" the steam, — of slopping. 
From these observations, I find that from the instant the steam 
was let off, till the train fairly stopped, there elapsed from 60 to 
ISS seconds, the average being about 90 seconds, thus occasion- 
ing a loss of lime of 45 seconds each stop ; but again, the train 
did not acquire its full speed after the steam was let on, for some 
150 seconds, — indeed its rate kept sensibly increasing even at 
the distance of a mile and a half, or two miles, owing to the in- 
creased violence of the fire \ here, then, is another loss d( 75 
seconds, making two minutes of delay for each stop, indepen- 
dently of the time during which the train is actually at rest. 
We may soy, at an avera/^e, three minutes in all. 

If the stops be very frequent, the engine is unable to bring 
the train to full speed during the interval, and the delay becomes 
proportionally vexatious; and, of ouurse, if the rapidity of mo- 
tion be augmented, the loci of time iu stopping is ao teok For 
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this reason, it appears to me that very great velocities are incom- 
patible with supplying the means of conveyance to places inler- 
mediate between the coke and water stations, unless we csn con- 
trive some means of letting off the passengers without stopping 
the whole train. This could be accomplished by placing all 
those dfstined for a particular place in one carriage, and allow- 
ing that to fall oR' from the tmin half a mile or quarter of fl 
mile before arrival ; but then there would be the annoyance of 
gathering up these stray waggons, while no means would be 
afforded of taking up passengins. 

This subject will undoubtedly become important when greater 
extent of rails is laid down, and greater rajiidity aspired st, 
but in the present stale of matters, the expedient of having a 
first class train to go straight through, and n second class train 
to stop at intervals, seems to answer every required end. 

Theory of Granite, and the other Massive Rocks ; together with 
that of Crystalline Slatej proposed in Lectures in Geology, in 
tfit University of Chriatiunia in Norway, in the year 1836. 
By B. M, KEiLUAtr, Professor of Mineralogy.* 

(Firat Exlnct) 
Having described in a general way the stratified rocks of the 
younger transition series, ■(■ we must now, according to our usual 
method, inquire if massive (" abnormal") rocks also occur 
within the bmits of that formation, and proceed to treat uf them 
in the same general manner. We shall first describe the con- 
stitution of this group in Norway, as it is precisely here that 
these formations are presented to iis in the most instructive 
manner, and are so exhibited as to afibrd illustrations by which 
we may more easily rise to general considerations. The clear- 
ness of the geological relations of the above-mentioned rocks in 
our country is so great, that their study will, I hope, lead us to 

• This interesling memoir is Irnnslalcd from an articlp in Danish, Id the 
flrst Number of the "A'yl Mtijaxin for N'olurniiUniikaStrne,'' recently Coai- 
manced at ChristtaniD. We are indebteil fur a aepiinte co]); of the eaaf to 
the kindncM of iu didtinguiahed author. 

1 1 divide the tianattion cUu iulQ two groups, a jounger, liah ia limestoaa 
and petrifactions ; and an older, coniprehending enpeciallv sandstones, tnd 
which never, or Bt lent very rarely, conlnins fossils. 
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fixed views regarding the mode of fonnation of granite itself, 
and generally of the other unstratiGed rocks, with r^ard to 
which we have hitherto for the most part been guided by the 
assertions of the prevailing schools of former times, as we did not 
venture to form for ourselves an opinion on the subject. It will 
be necessary for ns to enter into a great many details ; but the 
object is of the highest importance for science ; and l>esidea this, 
I venture to hope that the greater part of the special facts which 
are to be adduced will seem the less tedious, because they re- 
late to phenomena occurring in places well known and easily 
accessible in our own neighbourhood, and which therefore every 
person, in order to remove all doubt, may examine for himself. 
I shall at the same time restrict myself as much as possible to 
generalities; and indeed a great many extremely interesting 
data cannot at present be taken into consideration, with respect 
to which, those who wish for more accurate information, must 
have recourse to descriptions already published, or about to be 
so in a short time. 

There are two tracts of country which we have to take into 
consideration, 1st, that which, for the sake of brevity, I have 
termed the Transition Territory qfChrisliania, the boundaries 
of which are shewn in the map about to appear in the first part 
of a work called the Goea Norvegka to be published by roe, 
with the assistance of the Roynl Norwegian Society of Sciences, 
and also in a map which forms plate 7th in my Darstellung der 
Uebergangs Formation in Norwegen, Leipzig, 1826; 2d, that 
which commences somewhat further to the north, and extends 
on both sides of the Mjiisen, so that wemay conveniently deno- 
minate it the Upland (oplandske) Fossiliferona Transition. Ter- 
ritory. As in former discussions of this kind we have been in 
the habit of adopting the old usual method of proceeding, we 
shall first endeavour to describe the phenomena. Our ccoa- 
mentary sliall follow afterwards, together with the changes or 
additions which may be necessary. 

Among the members of the fossiliferous group of the trana- 
tion series occurring in these two districts are — claynlate, b'roe- 
stone, greywacke, grey wacke- slate, transition-sandstone, and 
Bandstone-slale. Limestone and clayslate alternate with each 
other, or the former occurs in more or less extensive beds in the 
latter ; sandstones and sandstone-slates lie regularly uppermoet 
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in the whole series; greywacke and greywacke-slate are, in 
fact, peculiar to the northern portion of the Mjosen, and they 
there form broad zones, running from east to west, whith alter- 
nate with zones of limestone. The whole repose in an over- 
lying and unconformable position upon the outgoings of the 
primary deposits, viz. on the ends of the strata, ronsisting of 
micaceous gneiss, hornblendic-gneisa, mica-slate, and hornblende- 
slate, which have a high inclination, and end, or are as it were 
cut off, within a surface, which, with greater or smaller hollows 
and heights, extends itself over many hundred square Norwegian* 
miles. In very few places transition strata lie horizontally over 
their primary basis, or, indeed, in conformity with its surface. 
This is, for the most part, only to be observed near the bounda- 
ries of the territory (geologically speaking), where, when the 
primary basis has a somewhat level surface, the superimposed 
strata end in an abrupt termination, which proves that they 
have extended considerably farther over the primary basis, but 
at a later period have been destroyed, or partially carried away 
— changes which also become apparent in this way, that we 
often still see, for a long distance on the front of precipices, a 
sort of thin coating of clayslate on the outgoings of the gneiss, 
or observe other traces on the surface of the primary basis, of 
a formerly existing covering, continued from these abrupt ter- 
minations. But in many places abnormal formations have in- 
truded themselves between the basis and the superincumbent 
strata (we begin now to speak in the style of vulcanists), and 
tlislocations of ihese strata, deviations from the original more or 
. less horizontal position, present themselves as their most general 
condition. We may safely state, that the dip is generally 
greater than 45° in these districts. In many places the strata 
rise to perpendicularity; and, in my opinion, it cannot be de- 
nied that this position occurs in the Christiania territory, within 
whose boundaries we find so many, and such remarkably large 
examples of these abnormal masses, which we shall now inves- 
tigate more closely. 

The unstralificd mountain rocks which come within the cir- 
cuit of our formation are granite and syenite (either with or 
without zircons) ; a number of greenstone rocks, viz. diorite, 

■ A NarwegUn mile !• equal to ibDul Kren English nilei — Edit. 
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granitoidal amphibolite, and nphanite ; also red and black por- 
pliyries of many varieties; basaltic rocks and amygdaloid, to- 
gether with porphyry- conglomerate. In the Upland territory, 
which, in comparison with that of Christiania, is extremely de- 
ficient in these kinds of mountain- rocks, porphyry chiefly oc- 
curs, and also somewhat smaller portions of granite and green- 
stone. 

Gramte awl Syenite. — Granite and syenite exhibit precisely 
similar relations, and frequently pass into each other. They 
are to be regarded as but one formation. In the Christiania 
territory they appear at the surface in tracts, which, taken toge- 
ther, amoimt to more than a ihird part of the whole area of that 
portion of country, and two of the districts which they form 
have each a superficies of upwards of 200 square Engb'sh mOes ; 
with respect to which it is to be remarked, that the form of 
these districts is genernlly not particularly stretched out long^ 
tudinally, so that we could not, for instance, compare them witfi 
the Cleveland dyke in England, which also occupies an extra- 
ordinary extent, but only in one direction. Neither could we 
think of comparing these large expanses of granitic masses 
with those great horizontal sheets of trap, which, we are told, 
in Iceland, for example, present a still larger surface. As to 
the manner in which these masses join with the stratified rocks, 
it is in fact most in accordance with the mode of occurreoce of 
vertical veins : at many jwints the direct contact is so exposed, 
of the granite or syenite on the one side, and the transition 
strata on the other, that we can convince ourselves that the 
massive formation, on the ic/iole, neither lies over nor under the 
adjoining strata, but stands at their side and cuts them ofT. 
The continuity of the masses downwards can moreover be 
proved in the clearest manner by this, that in many places at 
the boundary of the transition-formation, where, as we have 
said, the Neptunian strata are no more to be found, we can 
observe granite or syenite in conflict with the primary bads, 
inasmuch as the latter is penetrated by the former, so that it is 
clear that these granitic masses rise up from the very founda- 
tion of the transition strata. Both in the primary series and in 
the superincumbent formation, there are numerous bmncties 
shooting from the main masses into the contiguous rocks, and 
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some of tlicse aAt offsets, issuing out in this manner, are so 
large as in some places to exhibit the appearance of sometimes 
an overlyini; and sometimes an underlying position of the mas- 
sive formation in respect to the trnnsition strata; but nevertheless 
the relative situation upon the whole, as we have already remark- 
ed, is to be regarded as juxtaposition, a condition which, taken 
in connection with the ramifications springing from the chief 
nuuseo, naturally leads to the supposition of a previous liquid 
condition of these rocks, in which state they were presfied up- 
wards from the interior. Yet, with this view of the subject, 
one cannot possibly avoid being struck with a high degree of 
astonishment, in considering the magnitude of these masses. In 
the whole of the wide space that they occupy, there is generally 
no trace of divisions or of such separate portions as could indi- 
cate that several ejections had taken place. Every one of these 
enormous masses must be considered a.s the result of one single 
eruption, or, so to speak, as one gush from the furnace, one 
casting in a foundry. In taking this view, it must also appear 
surprising that these granitic masses, which must thus be con- 
sidered as thrown up through canals of several miles in breadth, 
do not nevertheless fonn particularly high mountains. Some 
of their highest summits may be 2000 or 3000 feet above the 
level of the sea ; but the unevenness arising from these is very 
inconsiderable ; for if one were placed so that with one glance 
he could look over the whole surface of these masses, — such, for 
instance, as have an extent of 500 square English miles, — it 
would appear to him that this surface was tolerably level, that 
is to say uneven only on the small scale. Such a fonn cannot be 
explained but on the supposition, that this open gap was filled 
just to the edges, that by a singular chance there was no more 
of the molten mass forthcoming, and that thus there was not 
enough to furnish a rising on the top. 

But these circumstances will have but little weight with him 
who is inclined to consider the masses in question as the pro- 
ducts of the action of fire ; for, in addition to them, he will 
find abundance of phenomena which are generally received as 
proofs of the Plutonian origin of such rocks. He will find many 
highly inclined, nay perpendicular strata, at most of the places 
on the granite boundaries ; he will observe dark-coloured com- 
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pact limestone, even with its petrifactions, converted into light- 
coloured crystalline marble; he will at the same points lee 
clAyalate altered to 8inty slate or striped jasper, and he utII 
observe that these changes proceed farthest where there is an 
immediate contact with granite or syenite, but that they be- 
come less and less considerable the more remote the point from 
these rocks ; finally, he will al jo meet with a multitude of con- 
tact minerals at the same boundaries, such as copper and iron 
ores, calcareous spar, garnet, &c. We have said that these 
phenomena are to be found in great abundance, but the ex- 
pression ought rather to have been, that they here exhibit > 
more striking development than at any other known locality ; 
the altered strata have been here acted on by contact with the 
granite, to the hitherto unexampled distance of one-sixth of « 
Norwegian, or one-fifth of a geographical mile, that is to more 
than one English mite. As to what relates to the contact pro- 
ducts, it will be sufficient to mention, that of about sixty iron 
mines, setting the smaller experimental workings out of consi- 
deration, which occur in the granite and stratified districts of 
the Christiania territory, there are twenty of them to be found 
immediately at the boundaries of these two districts, and about 
half as many in the tracts near the boundaries, where the lime- 
stone and slate have nndergone changes by contact with granite. 
Porphyry Kilhout Quartz ; Amygdaloid and Baaalticjbrma' 
ttons. — We proceed now to speak of another group of these 
massive rocks. As granite and syenite are, geognostically 
speaking, mere unessential modifications of one principal type, 
so in this case, when taking only a general view, the black por- 
phyries, or, as we may better express it, the porphyries without 
quartz {quartslijse porphyrcr), the amygdaloids, and the ba- 
saltic formations, are to be regarded as one group. They 
compose along with that porphyry-conglomerate, which is aleo 
to be ranked among the massive formations, two or three re- 
ciprocally similar districts, all of which in every place present 
the same relations to the other geognostical districts and moun- 
tain-rocks of the territory. These porphyry districts, as we 
may call them for the sake of brevity, are not much less exten- 
^ve than the granitic as to the area they occupy; but thdr 
i are much more superficial than those of the granite, and 
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80 have undoubtedly not nearly sutli enormous cubic bulk. 
We have opportunities of observing in many places that they 
form beds of very great size, upon the stratified transition-rocks, 
so that they do not descend into these, at least with their 
whole horizontal extent. In several other respects also, they 
present different features from the granitic masses. They often 
exhibit in the form of beds pretty horizontal olTsets ; we find in 
most places, that in the strata lying immediately under them there 
are no dislocations ; no substantial alterations are observable in 
the transition-rocks at their junction with the porphyry, and 
contact minerals at the boundaries are awanting; lastly, it is a 
remarkable relation of the porphyry, and one which seems to 
be the result of a very fixed rule, that it reposes only on sand- 
stone, and thus, in general, can only occur where this mem- 
ber of the transition group is present : in the Upland territory, 
which contains this sandstone only at one locality, it is precisely 
at that place, and there alone, that ])orphyry is found. But be 
that as it may, so far as it concerns the part we have for 
the present assumed in the discussion, we need not be em- 
barrassed ; we have an oil-important fact in reserve, to over- 
turn every doubt which can be started as to the conclu- 
sions, that these porphyries have risen up from the interior and 
have been poured over the beds of sandstone, — that it was so 
only over the sandstone, may be on accident. This fact is ana- 
logous to those by which we have strengthened onr volcanic 
faith, viz., the phenomena exhibited in the mutual relations of 
the trap-rocks and the brown coal-deposit of Iceland." In the 
present case, we can ourselves easily be witnesses to the re- 
markable phenomenon of a trap mass spreading itself out over 
Neptunian strata in the form of a more or less horizontal bed, 
and at the same time occurring as a more or less vertical vein 
in the same strata ; we can observe with tolerable distinctness, 
the union of the vein with the lieil-hke mass, which, indeed, no 
one, it would be supposed, can deny, was raised up in a li- 
quid state through the vein-fissure (gangkliift) proceeding from 
beneath ! It is in the neighbourhood of Holmestrand that I 
have observed this appearance, and we have here a true ex- 

■ The geological^ionatitution of IceUnd appears to me eslremelT imperl. 
ant fur th^th^rir of Tra|>.rocka. The pheaomeiia roeationed to the text 
are descril>ed bjiKruglVon Nidda- 
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Rinple of tlie so-called " StUk" (literally Ktalk) a phenomenon so 
anxiously sought for under basaltic §uininits, &c. This strong 
presumptive proof, however, has aome material defects, wbirh 
we, in our triumph, must not overlook ; at the sides of the 
vein are beds of Bandslone, which are in all respects unchangetl, 
aad^/riction congiomrralri (" frictions C o« joiner aier' ) which 
ought certainly to be expected here, are not to be found. As 
to what relates to the conglomerates, which, as has been men- 
tioned, occur among tlie rocky masses composing the por- 
phyry diatrictB, they never contain any other fragments but 
those of porphyry, and they partly lie in such a manner invol- 
ved in the midst of true prophyries, that they cannot possibly 
be regariied as friction -conglomerates. 

Eurile-Porphifry, Greenstones, i,'c. — The remaining abmir- 
mol formations of the territory of Christiania, occur in far less 
considerable masses than tlioee of which we have hitherto treat- 
ed. They have sometimes the form of beds ; and sometlates 
that of veins, acccM'ding to the usual rule, that allows us to re- 
gard eachof them, taken as a whole, as a vein. Theredporphyry, 
or, as it is termed in petrugraphical deacriptions, eurite-por- 
phyry, is, for the most part, intermingled with the stratified 
rocks in such a manner, that the flat masses wiilch it forms are 
parallel with the strata; but there are also to be found some 
individual examples in which it presents the most distinct vein*. 
It is reniiirkable, that, in by tar the greatest number of cas>.^ 
it is confined to the places where the clayalate formation occurs 
in the form of alum-slate, and it is also a striking pltenookenoD, 
that the alum-slate never seems altered when iu contact with 
the porphyry, even where it occurs having a thickness of not 
more than a line, as niav be distinctly seen in several places in 
the immediate neigh Lou rtiood of Christiania. Sometitnes there 
is no slate present between the beds of porphyry, which never- 
theless occur as distinct beds, and often succeed one another in 
pretty considei'able number. In such cases it is perfectly evi- 
dent, that they can by no means be the actual results of lateral 
injection ; according to the Plutonian view of the subject, we can 
iHlly suppose a repetition of efl^usions corresponding to the num- 
ber of the beds, by which the matter of the porphyry each 
time flowed out over the uppermost of the already existing, 
and at that time perfectly horizontal beds. Although many 
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of these bed-like masses of porpEiyry, with regard lo their 
bouiuiary relations aad llieir pcisicion, answer in the most com- 
plete manner to the conditions which are so far required for 
true beds ; ^et, there arc not wanting deviations in this respect. 
On the weslen) boundary of our geological territory, there is a 
bed of porphyry seven Unglish miles wide, at whose regular in- 
tcrcaUtioo in the alnm-skte for great distances we cannot but 
be surprised ; but at one place tliere is distinctly to be observed, 
a short and thick uutruaner, by which the mass descends into 
the subjacent bounding rock i irregularities of other kinds are 
to be found iu others of these porphyry masses. 

While eurite-purpliyry most commonly occurs in tlie form 
of more or less perfect beds, and is found only as an exception 
in the form of veins, the reverse is exactly the case with re- 
gard lo the greenstones, viz. Diorites and Aphanites. These 
rocks, which in some places represent basaltic masses, are to 
be seen at many points near Christiania, forming nearly verti- 
cal veins, which pass almost at right angles through beds of 
limestone or clayslate. These cuntinue likewise beyond the 
boundaries of the transition series, and a few of them can ac- 
tually be traced into the primary formations. It must be with 
the greatest possible satisfaction that the supporters of the py- 
rogenetic theory of the massive mountain-rocks survey these 
veins, for nut only does the last-mentioned fact support dieir 
opinion, ttiat the greenstones have been pressed up through 
clefui in the primary formations to and through the transition 
strata; but, further, portions of gneiss and other fragments 
torn from the primary rocks, are found in the greenstone veins, 
and that too even within the bmits of the transition territory. 
In some places, also, we find that the slate is indurated, and 
the limestone impregnated with silica, at the junction with 
these masses of greenstone; and we are acquainted with one 
vein of this sort which is perfectly analogous to that near As* 
chalfenburg in Germany, which we cited when treating of the 
variegated sandstone formation, and which is accompanied by 
a separating mass (beatrgjbrm'ig Matte'') of brown ironstone. 
Uke it, our vein has immediately at its side a continuous mass 

■ Beslcii in German anil Danisbj and correBponding lo Riiere in FteDub, il 
tbvtervi cmiiloTed to denooiinNte the bed or lajer which samftimn wja- 
rales B vein i'roai Ih^ reck in ubich it 'n cimLaiufd £pit. 
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of ironstone (magnetic iron-ore) considerable enough to be re- 
garded as an object for mining operations. The mine which 
owes its existence to this remarkable appearance, and where one 
can observe the phenomenon iDaconvenient andconvincingnuui- 
ner, is that of Aaserud, below the Eidsfoss works. We have then 
in these greenstone veins three of the appearances which are con- 
udered as proofs of their Plutonian origin ; the included frag- 
ments, the alterations of the bounding strata, and the forma- 
tion of particular substances at the line of contact. A fourth 
phenomenon, which is regarded as the consequence of the sup- 
posed eruptions, viz. disturbances in the position of the neigh- 
bouring strata, has hitherto not been any where observed. 

It has been stated that greenstone also assumes the form of 
beds. This, it is true, cannot be denied ; but from some ex- 
amples it would appear that, if we could trace such masaes far 
enough, we should probably in most cases find deviatiotis, in 
consequeaee of which they would be better described by the 
term Jilons-couches, employed by some French geologists. 
Thus, there is an example on I^ng<>e, near Holuiestrand, of a 
mass of greenstone, which for a long distance lies quite parallel to 
the slightly inclined strata of the hanging and lying sides ; but 
afterwards it suddenly deviates downwards on the lying side, 
and then this vein-like included mass is continued again as s 
bed within the stratum which formerly belonged to the lying side. 
There are cases, besides, where masses which for a long way have 
continued as beds, at once forsake this form, and become forked, 
vhich, however, often happens in such a manner that the por- 
tions separated by the bifurcation again run on as thinner beds. 
According to the eruption theory, these must he admitted to be 
the results of pressings in from the side. It deserves here to 
be remarked, that greenstone never exhibits those generally thin 
ramifications penetrating the contiguous rocks in all directions, 
which are so common with granite and syenite. The same is 
the case also with the porphyries. As the cause of this, it 
would be easy to assign a difference in the degree of fluidity 
in the respective formations at the time of their appearance* 
viz., that the greenstone and poqihyry were more viscid, that 
IB, less fluid than the granite. 

Rltombk Porphyry. — We have still one species of abnormal 
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masses to bring forward of those which occur in the limestone 
and clayslale, and also in the sandstone of the transition ter- 
ritory of Chrisliania, These masses present porphyries which 
on the one side approath the type of this rock, which is dark 
coloured, and contains no qirartz, and which forms the prin- 
cipal mountain-rock of the great jwrphyry districts ; and on 
the other side approach the red eu rite- porphyry, whicli occurs 
only in a subordinate manner in the stratified districts. Among 
the varieties of the first kind. Von Buch found the prototype of 
his rhombic porphyry ; and a variety of Brongniart's brownish- 
red porphyry {porphyre brun-rov^e) or melapbyre, which that 
author says is to be found on Tyvebolm, close to Christiania 
[BrongitiarCa Tableau, p. 350, and Classification^ p. 107), be- 
longs also to this division. The masses, consisting of rhombic 
porphyry, exhibit in Christiania Dal, a third sort of form pecu- 
liar to themselves, when we regard euritc-porpht/ry, with its 
mode of occurrence i» beds, as the first kind, and greenstone, 
with its mode of occurrence m veins, as the second. In the 
vicinity of the town we see the rhombic porphyry partly in 
perfectly irregularly bounded masses, lying in a series of strata 
composed of clayslale and limestone. These masses are for the 
most part extended in the same direction as the greenstone 
veins ; but they are comparatively short, and never exhibit 
even and reciprocally parallel salbandes* like the greenstones ; 
on the contrary, we observe the rhombic poi-phyry branching 
out into the bounding rock in thick wedges, or broad round 
olTsets. In other localities this porphyry presents itself in-pretty 
regidar veins, but it is there that, in its petrographical charac- 
ters, it approaches the eu rite- porphyry. An example of rhom- 
bic porphyry as a vein hi the primary rocha themselves, where 
the latter are no longer covered by the transition seiies, is to 
be seen at two places ; and at least in one of these it is 
manifest that the vein extends without interruption for a 
long distance into the transition territory, where it appears 
in strata of limestone and clayslate. The same vein, — and one 
of the places where this is to be seen is on the promontory of 
Noesodden, — exhibits another extremely remarkable relation, 



VOL. XXIY. wo. XLTIII.— APnii. 1838. 



898 M. Keilhaii's Theoi-y tf Granite, and other Rocks. 

which is best to be observed at ihe localitjr we have just aamedj 
and where it occurs in the pHmary mica'sUte ; between the 
niBu of porphyry anil the niica-slale, there runs on each mle 
of the vein a zone or separating layer {Bealeg) of greenftcne, 
about a foot in thickness ; and, indeed, at many points of the 
same vein lying far from the one iipeeilied, the greenstune 
^ws itself in the same way and having the same ihickneu. 
This singular phenomenon, which, however, is not peculiar to 
the inaH of rhombic porphyry here mentioned, but occurs in 
the case of several other abnormal formations of the lerritorj', 
must, according to the eruption theory, be explained in the 
following manner: Either the greenstone must be considered 
08 belonging to a later intrusion, during which it found its way 
up through clefts, which were formed by tlie separation of Ihe 
porphyry from the adjoining rock on both sides, or it must be 
regarded as the effect of an earlier eruption, and was subse- 
quently cleft through the middle, when the porphyry preMcd 
upwartls and tilled the newly opened fissure. 

We have now given the promised descrijition. Nothing, so 
far as I am aware, which can be udchiced in favour of the vol- 
canic theory of the massive mountain- rocks, has been pnaaed 
over ;• nor is there, on the whole, any thing wanting which IB 
generally brought forward in statements of this kind; unUi« 
it be, that we have not spoken of flags or of alterations by j^BX- 
ing and vitrefication ; but phenomena which are no where to be 
observed, could not of course be introduced among actual facta. 

It ia to be further remarked as to the representation we have 
given, that the view which it exhibits to our eye, although it 
ia nndoubtedly incomplete, as wc shall soon see, yet, neverthe- 
lesR, is in no small degree of exactness, a resemblance of the 
original. At least a statement framed under the influence of 
the other principal theory, viz., Neptunism, which considers 
granite as a crystallization formed in and by means of wa(er, 
would npt, by any means, have come so near the truth, and 
(»uld scarcely have included so many actual facts in its favour, 
as have been here brought together. As Ui what relate* to tb« 
incompleteness of our volcanic description, this is partly owing 

a pluionk. 
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to the circu til stance that many of the most imjxirtaiit phenome- 
na are altogether paa^nl over ; and partly to this, that more of 
thoBe which have been touched on, have hati renresenlations 
given of them when they were but half examined, and which 
often make them ap]>ear very dtflerent from what they really 
are; but we could not do otherwise than make ourselves ac- 
countable for these defects, unless we were to drop our proper 
part It happens, unluckily, that a preconceived theory ren- 
ders an observer blind to the facts which do not harmonize with 
his own concluaiuns; I will nut make any remarks preju- 
diciel to those ob9er%'ers who may not be willing 4o mark such 
facts as do not coincide with their already received systems; 
all I mean is, that a preconceived idea often unfits us to attend 
to those facta even when they present themselves, and incapa- 
citates us from finding them when we have to seek for them. 
In the description given, those facts only are mentioned wliich 
might, with good reason, be exjiected in the statements of a 
xeolous supporter of the prevailing party. Those which have 
been opiitted are of such a nature as, I think, would render it 
impossible to reconcile them to such statements. 

We shall now proceed to state the facts which, with the 
greatest force, and in the most striking manner, seem to require 
the rejection of the volcanic theory as altogether insufficient to 
explain ihe existing phenomena. Then, if we should have the 
good fortune to obtain a clearer view of matters, we shall, as 
far as we can, seek for a more jjerfect delineation of the whole 
subject. 

Let Ua first revert to the position of the strata in our terri- 
tory. Here we are told, that extraordinary disturbances in this 
respect have taken place. Highly inclined strata are not found 
generally iu the porphyry districts, where — for it must be thus 
expressed in volcanic language — the molten masses must have 
flowed out horizonlallif over the strata ; but still an elevation of 
the beds ia in general to he seen in every part of the granitic 
districts, the masses of which have, on the whole, a more or leM 
r£r2w-a/ position at ihe sideof thebroken-upbed. Here, only half 
of the truth is e^iplained, for what relates to the facts, and whnt 
is implied in the mode of expression, involve an explanation 
totally false, which leads us to an equally false representation 
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of the actual pheiionieiia. Mcanwliile, it cannot be denied thai 
it is just by such anticipatory expressions, sometimes carried to 
a great length, that it is now pretty common to describe ihe 
geological relations in question. But now to the correction of 
the fault. It is true that a sleep dip is a common phenomenon 
in the district ; but it is also trne that those localities only, 
where porphyry covers the strata, form a pretty constant ex- 
ception to tliis, so that, in all other places where we are some- 
what near one or otlier granitic boundary, more or less consi- 
derable dips will be regularly found. But to observe this is far 
fi-om enough. Many other extremely important things arc still 
to be determined. If we glance over the geological map, where 
all the irregular outlines, with their salient and re-entering 
bcndings, are of granite masses, and observe that these masses 
lie sometimes longitudinally^ sometimes transversely, so that 
(hey cannot be traced lo an eruptive fissure running in one par- 
ticular direction — if all this he remarked, then, according to the 
volcanic theory, there can be no regularity, either in the dip or 
direction. It may he takcu for granted that the supporters of 
that theory, after having made their observations in about 
twenty places, and found nothing in the least corresponding 
with their ideas, would give up this trivial labour, and that 
then, as I suppose, they will remain satis6ed with this brief 
conclusion, that the strata here were broken up by lava; and 
they naturally ascribe the appearances presented to the intru- 
sion of abnormal formations, and especially to granite, in com- 
parison with which, the otlier penetrating masses are of little or 
no consequence. As to myself, in consequence of the geognos- 
tical constitution of my country, I felt inclined to call in ques- 
tion the eruptive ideas, and I was stimulated to examine, in the 
most rigid manner, the direction and dip, in order to ascertain, 
if {wssibie, if there really existed any causal connection between 
them and the massive formaitons occurring in the territory. 
Three of my former pupils have faithfully assisted me in this 
extensive labour ; and we traversed, two and two together, the 
districts of the tract of country where the stratified rocks arc 
not interfered with by the massive formations. We followed a 
strict method, almost as if we had been performing the duties 
of a land-surveyor ; and, as soon as we had made all our obser- 
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vations, we brought them together for compariiion. The results 
were truly surprising, and were, I think, of the highest import- 
ance, theoretically considered. The following is what pogsesses 
most interest for us at present : — lu somewhat more than the 
whole northern half of the Christiania territory, there prevails 
in the stratified districts, disregarding a number of local irre- 
gularities, a law with regard to the position of ttie strata that 
cannot be mistaken, according to which, the dip is commonly 
above 4o' nearly N. NW., a result which also agrees with 
that obtained in the Upland transition territory lying imme- 
diately to the north. Deviations from this law are found with 
equal frequency at points most remote from the boundaries 
of the massive rocks, as in their immediate neighbourhood, 
and our observation proves, in a manner which cannot be 
controverted, that these rocks could not have had any influence 
on the position of the strata, but that, on the contrary, this po- 
sition, with all its irregularilics, as well as its regularity, in 
Hborl, in every respect as it now exists, kos produced bejbre the 
Jbrmatlona spoken qfivere present in the tenitory. This is now 
to be a little more exactly explained. Tlie map shews that the 
stratified districts for the most part only occur as very narrow 
stripes around the massive districts, and are partly seiiarated 
from one another. It must have been a very remarkable acci 
dent, and one which was not to be looked fur, that these now 
separate portions of what must undoubtedly at one time have 
been a continuous whole — with regard to the earlier »>nnection 
of which we arc at one with the eruplionists — should in this 
luanner have a conformable position of strata, if that had not 
existed before the separation. Let us particularly attend to the 
stripes running north and south ; here the strata are transverse, 
and therefore quite short ; they are thrust against the massive 
granite, are cut off hy it, and still preserve their usual dip and 
direction. When we remember the parallelism already men- 
tjoned with the strata in the other territory, which has certainly 
been separated from the Christiama territory only by denuda- 
tions of their common basis; upon which these massive moun- 
tain rocks could not act; and which, indeed, contains almost 
none of such masses, it seems evident enough that the arrange- 
ment of the strata here is a phenomenon which in its cause is 
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altogether iudepeiident of the pn-vious aj^pearaocc of the granilii- 
forintitioni at these places (for it is only the granite, B'i already re- 
marked, that we have here to take into our cousideralioii). Still 
we will not pass over any fact which tends to strengthen a re- 
sult so rich in consequences. Although the stratified districts 
are comparatively much less considerable in extent tlian the 
granitic, and remarkably so in regard to their narrowness, yet 
the most of them extend more than twenty-eight square miles 
(four square Norwegian miles), which perhaps with some, may 
lessen the weight of what has been adduced. It must then Iw re- 
marked, Ihnt much smaller portions, cither partially or entirely 
separated from the originally connected tracts of clayslate and 
limestone, always exhibit the same direction and dip wfalcli < 
exist in the whole. The granite masse.s present deep sinuosi- 
ties, into which long tongue-formed portions of the slate ento-, 
or the same peninsula- like separation takes place by means of 
large offsets from the granite which enclose portions of slate 
between them i in either cn.se, there is no disturbance to be 
traced in the general arrangement ; finally, we have examples 
of complete separations, where also no change presents itself in 
the drsjoined portions. This last circumstance is the most 
striking of the whole. In the middle of the great granite dis- 
trict to the north of Christiania, lies one of these entirely iso- 
lated portions of slate and limestone, which has a diameter of 
about one mile (one-fourth of a Norwegian mile). Here there 
is no claytrlate, but in place of it only siliceous slate ; and in- 
stead of limestone, there is a light coloured granular marble. 
Notwithstanding the whole strata have undergone the ordinary 
chemical alterations from their proximity to the granite, their 
position is perfectly undisturbed, inasmuch as they exhibit the 
usual dip and direction. Neiit, after this greatest specimen of 
completely separated stratified masses, I have seen smaller and 
smaller portions, down to ])ieces as small as the imbedded frag- 
ments of a conglomerate; and in all these this striking pa- 
rallelism of the strata is recognisable." Some of the observa- 

■ Dn not the MTidstaae iiiK.<se4 tmirlaseil in (he bualt of ths Abu* Kuppi 
at tUtbwEge exhibit the snme ceUlion ? 1 infer thi« from a, tvmirk by 
ZeuKhner, iu Leonhard's " Neues Jahrbuch," 1836, ji. C40. The portioD* 
of greywseke occurring in the Hortz grauite, and tht fraj^enta of rlt»llfl*d 
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tions on this subject were already published in 18S6; and a 
celebrated German Professor said to me plainly at that time, that 
there must be some mistake in the observation, in short, that such 
a state of things was not possible ; and truly it can hardly be 
ruoticiicd with some of the tlieuries which have hitherto at onf 
time or another been generally received. I bo much the mor^ 
on this account, invite geolo^sts to investigate this fact for 
themselves; and convenient localities are to be found without 
much difficulty near Christiania, where such appearances are 
lo be seen.* 

Let us now for the moment Leave these phenomena, and pass 
to considerations of a difTerent description, which are also 
among the most important connected with our territory, on ao- 
CDunt of the inferences they furnish. I allude to certain tran- 
citions which take pface among some of the mountain-rocks. 
{ To bi: continued.) 
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•rsemblln^ fraguienta of aUte In granite have the same poiition as the bound 
Ing itrata of slate.— En it. 
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Meteorological Table Jar Si Andrews in Fifethire,Jrom 
1S21 to 1828. 

The following table was constructed with much care and ac- 
curacy by the late Dr Jackson, Professor of Natural Philosophy 
in the University of St Andrews, from observations of the ther- 
mometer for eii;ht years, at 10 a. m. and 10 f. u. daily, at a 
station elevated about seventy-eight feet above the mean level 
of the sea, ami with a northern cx[H)Sure, will afford a correct 
view of tlie mean temperature of the several raonliis of the year 
at St AndrewH, iu latitude 5G' 20/ HO" north, and longitude 
a." 4T 80" west. 
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The last number in the table, viz. 43°.374, is the mean an- 
nual temperature taken as the niean of the mean monthly tem- 
perature for the above eight years,* 
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Jn Mttmpt to aiceriain Charadtra of the Botanical AUiancts. 
BySirEDWABoFrRRs-cH BnouHEAr, Bart. M. A., F. ItS. 
L. & £. {Communicated by the Author.) 

Dr Likdlet's cdebrated " Nixus Plantarum " was the first 
aManpt msde in this country to characterise natural assem- 
hhjpri 1^ the botanical families ; but his object was to indicate 
the Nomul state, and to offer differential characters, with- 
out a detailed examination of the whole structure. The vtoik 
vai (me of uncommoa boldness in the present state of the 
science ; it did not enter into detail even as far as Agardh's 
A|)faorisnii, but fully entered iiito the spirit of that most ori^- 
nal production. In Bartling ii found the example, which must 
befc^owed, where we irish to examine the whole structure; 
his descriptive characters being Inboriously worked out through 
every oi^»n. Even Barlling, however, often gives only the 
NVkus, without indicating exceptions or equivalent structures, 
or applying language sufficiently general to embrace the whole 
cnaditions. The following sketches are too much open to the 
same remark ; nor can accuracy and rigour be expected without 
the labours of a lonir succession of botanists. I have freely 
used the labours of the authors whom I have named, as fer as 
they were applicable. 



CHARACTERS OF THE ULVACEOUS RACE. 



L UlT.leS. 
S. Chanlei. 

3. Osmundales. 

4. Ephedrales. 
9. Cltnde*. 

«. Urticales, 
7. Pipenlo. 
& HalDrngales. 

5. (Enolhersles. 
10. Mynales. 



11. Kaules. 

12. Saiifragales. 
IS. Cucurbilale*. 

14. FortulKiles. 

15. Cbenopodioles. 

16. Polemonialcs. 
17- Boraginales. 
IB. SoUiinles. 

19. Genlmnalfs. 

20. Ajiocjnalea. 



21. Gal'ales. 
S3. ComalM. 
iX GenuiiAw. 
34. CUUles. 
ib. BriMlcalea. 
SO. NjmpbiEBlis. 
27. SanacenUles. 
2a AllBnulea. 
39. Avenale*. 
30. T/pliales. 



1. Ultahs. — Without a matrix ; cvascular, surface with- 
out stomata or epidermis ; of filamentous structure, filaments 
single or conglutinate and laminose ; without a distinct aiia of 
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vegetation, without true leafy appendages ; colour a non-herba- 
ceous green or olivaceous or purple. Not reproductive out of 
water, esexual, thecK (if present) not regularly dehiscing, ger- 
minating by threads. None are poisonous. 

2. Chauales. — Articulate, ramose or sheathed; more or 
less tubular or ductulose, branches (if any) verticillate, often 
organizing earthy matter on the surface or transparent, not in 
definite gelatine, without leafy appendages, acrogenous. Aco- 
tyledonous, reproductive bodies of two kinds on the same or 
different plant;), germinating by confervoideous threads. In- 
clining to a temperate habitat. 

3. OsMUNDALES. — Ductulose ; stipe hollow ; dichotomously 
veined ; acrogenous. Esexual, phyllocarpoiis, Sporules inde^ 
finite and often angular. Inclining to a mild insular habitat.. 

4. Efhedrales. — Arboreous or frutescent, nnigcmmate or 
articulately branched; leaves (if any) pinnate or pinnately 
veined, without branched venation, exstipulate, simple. Sexes 
not united ; Itijloresccnce in cones ur amepts or spikes or heads 
or solitary. Floral envelopes (if any) more or less persistent. 
Corolla 0. Ovule 1, erect, more or less gymnospermous or 
cxalbuminous (Casuarinaceie). Albvmcn (if any] enclosing the 
embryo; cvibryo straight ; radicle turned from the hilum. 

Inclining to a tropical habitat. 

B. Ulhales. — Leaves alternate, simple. Stipules present 
(exc. some Myricacese). Calyx (if present) scarcely . herba- 
ceous, imbricate, persistent. Petals 0. Stamens definite, not 
incurved. Carpels 1 or 2, free from tlic calyx, forming inde- 
pendent cells, connate with each other. Stigmas divided or 
dilated or lateral. Fruit without a cnpulc, drupaceous or nu- 
cameutaceous or with a tough separable endocarp. Ovules 1-2 
to each carpel. Albumen (if present) encloeing the embryo, 
not connate with the radicle. 

6. Ubticales — Foliation passing from opposite and simple 
and entire to scattered and divided ; stipules (if any) deciduous * 
or convolute in vernation. Sexes not united ; Iitflorescence 
not amentaceous, flowers small. Calyx present, lobed or other- 
wise divided, seldom herbaceous. Petals 0. Stamens ad- 
herent to the oalyxor in its centre, not adelphous ; anthers 
bilocular. Carpeis 1-5, connate with each other. Fruit with. 
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(itit a cupule, more or less indehiscent (r* Hensloviticec). 
Ovuks not more than one to each carpel or indefinite. 

7. PiFEftALEs. — Not truly arboreous; Uavea (if any) simple, 
btipnkte or sheathing or opposite or decurreni. Maie^flatKrt 
sntuU, Epailiceous or amentaceous or spiked or solitary, sul>- 
tended hy a scale or gpaiha or braclea. Calyx (if present) of 
distinct sepals or narrow divisions. Stamnu usually close to 
the germen. Carpch 1-4. As many styles or stigmas as car- 
pels perfectly or imperfectly developed ; stigmas often sessile 
or recurved or on setaceous or subulate styles. Ovules 1 to 
each stigniB or indefinite. The sted or the etitbryo miniitr. 
Albumen present (esc- ? Podoatemaceic), embryo inclosed in 
albumen or in a vitelline sac (exc. ? PodostemaccK). 

Inclining to a worm habitat. 

8. Ha LOB AC ALES— Herbaceous or frutescent, leaves not com- 
pound though sometimes much divided ; stipules 0. Flaaert 
small. Petals (if present) fugacious, as many as the calycine 
fb'visions, alternating. Stamens not more than double the 
calycine lobes, not adelplious, inserted with the petals, ad- 
herent to the calyx (if any). Carpels 1-4, forming indepen- 
dent cells, connate with each other, adherent to the calyx (if 
any) or endosed (Ceratophyllejc) ; pericarp not valved. Orates 
not more than T for eacli car|iei, pendulous, exarillate. Jl- 
bumen (if present) fleshy and thin, enclosing the embry< ; 
embryo only slightly or not at all curved ; radicle to the hi- 
lum. 

Inclining to a temperate habitat. 

9. (EvorneHALEs. — Not lactescent; leaves simple, pennl- 
nerved, undivided. Sepals more or less connate, valvate in the 
bud or rarely somewhat open or in broken series (Ybchyaccse), 
odd sepal superior. Petals (when present) adherent to the calyx, 
not exceeding the number of calycine lobes, alternating. Sta- 
mens not more than four limes the number of calycine lobe«. 
ftdheivnt to the calyx, not adelphous. Carpels 1-4, not ex- 
ceeding the numlwr of calycine loK's, forming independent cells, 
connate with each other, adherent to the cnlys or enclosed. Sti/le 
1, slender. Ovules indefinite and central, or definite and then 
pendulous or erect. Albumen (exc. Montlnia); enibrj/o 
straight. 
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Inclining to a warm habitat. 

10. Myrtai.es. — Not lactescent ; /^■atifi simple; alipuUa 0, 
or small and deciduous (Lecytliitlncese). Sexes united ; flowers 
regular. Petals (if present) as many as the calycine lobes, 
issuing from the throat. Disk adherent to the calyx. Stamens 
perigynous, more or leas inflexed in tliebud. Carpels connate 
with each other, forming independent cells, more or less adhe- 
rent to the calyx. Style 1 ; stigma undivided. Placentu not 
parietal. Albumen or brittle (Alangiaccie). 

Inclining to a tropical habitat. 

11. RosAi.Es, — Leaves alternate; the compound leaves fJi- 
palate but not compoundly stipulate, the simple leaves stipu- 
late (exc. Lowfa and some Spirteaceip) ; not cirrhose. Calyx 
of 5 lobes or sepals, in an unbroken series, reflex or deciduous, 
the odd one superior. Petals rarely absent, as many as the 
uilycine divisions, alternating, not connate with each other, 
issuing from the calyx, imbricated, not papilionaceou^i. Sta- 
mens incurved in aestivation, adherent to the calyx, not adel- 
phous; qnthers 2-celled, turned inwards (exc. Neillia), opening 
longitudinally {exc. Atchemilla arvcusis). Carpels forming in- 
dependent cells, not gynoba^oEC, without an epigynous di&k, 
uot connate with each other or rarely so under compression <i^ 
a fleshy calyx (some Pyrace«). Stigmas not sessile; styles 
not connate. Fruit not leguminous. Albumen (exc. Neillia, 
Hirtella); cm&n/o straight. 

Inclining to a mild habitat. 

12. Saxifbagales. — Not lactescent; J^j^tf/e* (exc. Heu- 
chera, Cunoniacece), Sepals 2-10, more or less connate, tubular 
at the base, more or less persistent (exc. some Cunoniaceip). 
Petals T&reXy absent, not fewer than the cajycine divisions, in a 
single row, alternating, Stamens not fewer than the calycine divi- 
sions, adherent to the calyx or issuing from a disk, Carpels 
1—6, more or less connate with each other, more or less free 
from the calyx; carpels distinguishable early or at maturity 
by the diverging summits, or by the styles or stigmas or dehi- 
scence. Ovules (if central) numerous and seeds small. Al- 
bumen fleshy, enclosing the embryo; embryo straight or nearly 
so; radicle to the hilum or superior ; eotyledons short. 

IS. CticDRBrTALEs. — Not srboreous ; i;au» simple; stipules 
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rarely preseot aDd then deciduous (Begonia<;eiE); cirrlii (if 
any) axillary. Corolla (if present) not valvate. Slament ad- 
herent to the calyx ; anthers bilocular. Carpels S or more, 
connate with each other, more or less adherent to the calyx. 
Stigmas not sessile, or somewhat spiral (BegoniaceBe). 7*/o- 
cetitit at the parietea, or on lamella? proceeding from the centre 
towards the parietes. Albumen (if present) enclosing the em- 
bryo ; radicle to the hilum. 
Inclining to a warm habitat. 

14. PoBTULACALKS. — Hcrbaceous or frulesceat or rarely 
arbuscular (Fouquieraccir), stems round or tetragonal ; leaves 
simple and undivided (exc. Kalanchoe, Bryophyllum) ; habit 
succulent or nodes tumid ; stipules (exc. some Portulacacex). 
Sexes united (exc. some Silenacete, some Crassulacete), not 
affecting the floral envelopes. Sepals 2-20, more or leas con- 
nate, persistent. Petals 3 or more or rarely absent (some Al- 
sinaceae, some Portulacacea?), alternating with the calycinc divi- 
sions when of the same number, more or less unguiculate or 
conniving at the base, not twisted (exc, Silenaceir). Stamens 
attached to the calyx or to its base or enclosed in a tube, not 
fewer than the calyeine divisions, not adelphous (exc. some Sl- 
lenacese) ; anthers bilocular, dehiscing longitudinally and not 
outwards. CarpeU forming independent cells in the bud (exc- 
some SilenaccEeJ ; carpels more or less distinct, or having the 
styles (if any) more or less distinct (exc. Vivianieie), or having 
the stigmas distinct, or dehiscing at the vertex. Frtiit cap- 
sular or follicular (Crassulacete) or a berry (? some Silenacese). 
Ovules not parietal nor attached to the edges of imperfect dis- 
sepiments, seeds not comose. Albumen farinaceous or fleshy 
(t'rassulaceas, FouquJeracea; P Vivianieie) ; embryo not enclosed 
in a vitelline sac, nor in the albumen except sometimes when 
fleshy (Crassulacete, Fouquieracea;) ; embryo curved if exterior 
to albumen, or otherwise straight ; radick to the hilum (exc. 
Fouquieracea;), 

Inclining to a mild temperate habitat. 

15. Chexopodiales. — Herbaceous or frutescent ot rarely 
arboreous (Coccoloba), not lactescent ; leaves simple, undi- 
vided (exc. some Chenopodiacese) ; Stipules 0, or mioute and 
deciduous (Petiverincete), or scariuus (lUecebracea), or intrH- 
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foliaceous (some Polygonaw'sc). Flowers small {exc. some Nyc- 
taginacete). Srpals 2--6, more or less connate or minute (Salva- 
doretc), not valvate, rardy tubular and then indurated (Scle- 
nmthaceie, Nyctaginacpa?), persistent. Corolla or small and ae- 
taceous and imperfect (some lUecebraces) or membranous (Sal- 
vadorett), of as many divisions as the calyx. Stamens deGnite 
(exc. Phytolaccacete, some Petiveriaceie), not adeiphous (exc. 
AmarantaceK). Carpels 1 or 3 or 5 or more (some Phyto- 
laccaceie), free from the calyx (exc, some ChenopodiaceBe), more 
or less connate with each other (exc. some Fhytolaccacese, some 
Tetragoniaceae), Pericarp simple; fruit a capsule or utricle 
or berry or caryopsis or nut or pyxidium, or membranous 
and dry and indehiscent. Stigmas not sessile (exc. some Am^ 
rantacee, Salvadoreie). Ovules solitary and attached to the 
base with or without a funiculus, or numerous and attached 
to a central placenta. Albumen (if any) farinaceous or fleshy 
(some PhytolaccacesB, some Persieariie) ; embryo not enclosed 
in a vitelline sac, nor in the albumen except in some cases of 
apotropouB radicle (Polygonaccfc) ; embryo bent or amygda- 
loid (exc. Petiveriaeeae, Polygonaceae) ; radicle to the bilum 
(exc. Polygon acea;). 

Inclining to a temperate habitat. 

16. PoLEMoHiALES. — Herbaceous or more or less frutescent, 
not lactescent ; stipules 0. Sexes united. Cali/.r persistent. 
Corolla of 5 divisions (exc. some Hydroleacea;), regular, mono- 
petalous (exc. Staticcts). Stamens 5, not adeiphous; anthers 
2-celled, not opening by pores. Ovary free from the calyx. 
Styles or their stigmas distinct. Ovules attached to the base 
with or without a funiculus, ascending or peltate. Albumen 
present, enclosing the embryo. Emhyo straight, not antitro* 
pous. 

17. BoBAGiNALEs. — Not lactescent; aspcrifoliate ; stipules 
0. Sexes united; inflorescence circinate before flowering. 
Calyx herbaceous, monophyllons, persistent. Corolla of 4 or 5 
divisions, hypogynous, nionopetaJous, not plaited, imbricate> 
deciduous. Ifisk more or less developed. Stamens as many 
aa the corolline lobes, alternating, inserted on the tube, not 
adeiphous ; anthers bilocular, dehiscing by a longitudinal cleft. 

VOL. XXIV. NO. XLVIII. — APRIL 1838. K C 



414 Sir £. F. Bromheail''8 Attempt to aacertain 

Carpels "H, free from the calyx. Style 1. Fruit Ducameit- 

taceous or capsular (Hydrophyllaces). 

18. SuLANALKj. — Herbaceous or frutescent or parasitic; 
leaver rarely absent (Cuscutacese), alternate ; atipuUa 0. Caljfg 
of 4 or 5 divisious, odd one superior, per^steut. Corolla bjF< 
pogynous, of 4 or S divisions, monopetalous, not twisted. Sta- 
meru as many as the coroUinc divisions, alternating, adhering 
to the corolla. Carpels (if S) having the midrib facing the odd 
sepal, free from the calyx, connate with each other (if not ex- 
ceeding 4). Sufdn (if definite) and erect or ascenditig, mor« or 
le^s albuminous, without a loose ariUiforra testa- 

19. Gextiakales. — Not arboreous, not lactescent, not aio- 
matic, no<les perfect ; leaves rarely absent (Leiphaimos), simple, 
entire; stipules (esc. some Spigtliaceoe). Sexes united; »«- 

Jtorescence not gyrate. Sepals 4—8, connate with each other, 
persistent. CoroUa hypogynous, of as many divisions as the 
calyx, alternating, monopetalous, not plicate. Stamens adhe- 
ring to the corolla, not exceeding the corolUoe divisions, alter- 
Hating ; anthers bilocular ; pollen usually of a ternary struc- 
ty.re. Carpels 2, free from the calyx, the carpellary midrib al- 
ternate with the odd sepal, connate with eacli other. Styles 
more or less connate. Seeds small, without arillus. AUmmen 
fleshy, enclosing the embryo ; cmOrt/o straight ; radicle to the 
hilum ; cotyledons foliaceous in germination. 

SO. Ai'ocYKALLs. — Not aromatic, inclining to be knot-arti- 
Culate; leaves rarely absent, not regularly alternate, simple, 
undivided, quite entire at the margin ; st'tpidcs or cilia or 
glands iiiterpetii>Iar (if any). Sexes united ; hiflorescence tiol 
gj'rate. Calyx o^ 4-G divisions, persistent. Ccrolla of 4-10 
divisions, not fewer than those of the calyx, alteruattng when 
of the same number, monoiKtalous, not plicate, dedduotl^ 
Stamens adhering to the corolla, not exceetbng the corolline 
divisions; anthers not unilocular. Carpch S, the midrib aU 
tertiate with the odd sepal. Stigmas more or less connate. Pla- 
centa at the suture when the carpels are distinct, or ceatral 
when the carpels are connate, or free ; ovules indefinite, of 
Djherwise solitary. Albumen (if present] enclosing the enw 
bryo ; cotyledons foliaceous in germination. 

Inclining to a warm habitat. 

21, Galiales. Inflorescence not gyrate. Odd calycine df- 
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vision superior. Corolla of 3 or 4 or 5 divisions, petals in 
testivabon connate or viJvate or involute nt the apes, decidu- 
ous. Stamens inserted on or with the corollo, not exceeding 
the coroUine lobes, alternating, not adelphous; anthers ovate, 
bilocular, cells parallel, dehiscing longitudinally ; pollen pow- 
dery. Ovary adherent to the calyx. Stigmas not scBsile, 
Placenta not parietal. Alhumen present, large, enclosing the 
embryo ; radicle to the hilum. 

22. CoENALEs. — Not lactescent ; leaves not dotted, Flowers 
regular. Calydne divisions (if any) not fewer than 4, sepals 
more or less connate. Disk developed. Petals inserted out- 
side the disk, alternating with calycine divisions, more or less 
valvate in (estivation. Stamens not fewer than the petals. 
Carpets 1 or more and connate, forming independent cells, 
more or less adherent to the caly.t {exc. Vitacete). Fniit bac- 
cate or drupaceous or coriaceuus (Hamamclaceie). Ovulst I 
to each cell and pendulous, or 1 or S and basilar. Albumen 
enclosing the embryo ; radicle to the hilum. 

Inclining to a temperate habitat. 

23. Gkkani.vles. — Herbaceous or suffVutescent; leaves not 
dotted. Sexes united. Calyx of 3-5 sepals or divit^ions, odd 
division superior. Petals 3-6. Torus without a pericarpous 
disk. Stamim not polyadelphous; aw (A ers bilocular. Carpels 
3-5, forming independent cells in the bud, free from the ca- 
Ijrx. gjmobaseose, more or less distinct by the styles or below 
(Limnanthacea?). Stig^nas as many as the carpels. Ovules 
attached to the suture or the inner angle. Inclining to a mild 
babitat. 

24. CrsTALBs. — Frutescent or herbaceous ; leaves usually 
simple, undivided, petioles or short. Stipules (exc. Elati- 
nacetc, Hesedaceee, and some Cistaeete without amplfxicaul pe- 
tioles). Flowers soh'tary or racemose or cyuiose. Sepals 3-6, 
distinct or only shortly connate, odd sepal superior, in a broken 
series or irregular or more or less imbricate, persistent (exc. 
Krameria). Petals 3-6, hypogynous, more or less unguicu- 
late or conniving at the base or irregular, not valvate. Sta- 
mens 3 or upwards, hypogynous ; anthers innate or peltate 
or immoveable. Carpels 2-6 (? 10 some CistaceiE), free from 
the calyx, connate to their summit (exc. Resedacea?}; disse. 
E e2 
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piineiiU (if an;) Tcrtical, forrned of the inflexed edges of 
the c«ipen«7 la\es or of the endocarp issuing from the mid- 
rib. StiffmoM not sessile (exc Resedacea). Ovitkt 1 or 
X to aA cmrpel or indefioite. Fruit a capsule, more or 
ka ddiiscent from the rertex (exc. Mundia, Monina, Securida- 
CI, bsmefia). AUvmen present (exc. Tamaricaces, KrAmeria, 
mmtK Linaces), eDck»ang the embryo. 

S& Baat5lCAi.ES. — Not arboreous, nodes imperfect ; Uaoa 
not of^noite (exc some Brasacaces); stipules or simulated 
(aome Capparae). Fkmers not senile iacliaiDg to a binary 
itractiire, sexes united. Cahf* of X or more sepals or di> 
TiwNH, deciduous. CoroUa rardy absent, hjpogjnous, of 
4 or more petals or divisions, deciduous. Slament 2 or moret 
definite or in de6nite parcels or indefinitely quaternary, hy- 
pogytwus. CarpeU ft or more, symmetrical, free from the 
calyx, ooonate with cacJi other (exc ? some Papaveracese]. 
Dehiscence (if any) at the carpellary midrib; placenta: cen. 
Iral to the ralres; ovuies many (ei;c. Tremandraces, some 
Brasicacae), seeds not erecL Sli/le short or ; stigmas al- 
tenwtbig with the placentsp, obtuse. Albumen (if present) 
enclosing the embryo ; exal Luminous embryo curved ; radicle 
Dear ihe hilum ; cotyledons foliaceous io germination. 

Inclioing to a temperate habitat. 

S6. Ntmphxalks. — Herbaceous cm* frutescent, perennial, 
not climbing nor sarmentaceous ; leaves radical or alternate, 
petioled, simple, usually large ; stipules 0. Sexes united ; 
flowers regular, not sessile, solitary on the scapes and large, or 
panicled and small (Cephalotacese). Srpah 3 or more ; sepals 
and petals (if any) in one or more rows, same number (3-6) in 
each row ; petcUs not twisted. Slamc'ts not fewer than tlie 
row of sepals ; rows of petals and stamens alternating ; petals 
and stamens issuing from the torus, whether developed into a 
disk or not, and whether adherent to the calyx or ovary or 
neither; anthers bilocular, bursting longitudinally inwards, 
connective continuous with the filament. Carpels forming in- 
dependent cells, free from the calyx, distinct or united by an 
urceolate cap (N'ymphseaceie). Flacentee basilar, or lateral, or 
attached to dissepiments proceeding from the parietes to the 
centre (Nymphieacete). Albumen (if present) having the em- 
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bryo near its base ; albuininoiis embryo relatively small, exal- 
buminous embryo large or with thick cotyledons and highly 
developed plumule; embryo enclosed either in albumen or a 
vitelline sac 

Inclining to a mild habitat. 

27. Sabraceniales. — Not arboreous, not lactescent; teaves 
(if any) radical or alternate (exc. Clematidete), petioled ; sti- 
pules (exc. some llanunculaceo;, some Aristolochiaceie). Co- 
nine divisions 3-15, odd one superior, HavingaforoHjor co- 
rolloid perianth ; petals (if any) not fewer than tlie calycine 
divisions, alternating, unguiculatc. Stamens not fewer than 
the calycine divisions; anthers adnate or sessile. Carpels form- 
ing independent cells. Seeds or their embryo minute. Albumen 
enclosing the embryo near the base ; embryo dicotyledonous 
before or after germination. 

28. Alismales. — Aquatic or marsh plants, herbaceous. Pe- 
rianth (if any) of 6 divisions, 3 or more petaloid. Stamens Tree 
from the perianth wheie the germen is free; anthers bilocular, 
turned inwards. Stigmas not sessile. Seed-coat not black. 
Emhryo macropodal or with a scale-bearing plumule or in- 
closed in albumen. 

29. AvEKALES, — Not epiphytic nor parasitic ; leaves nar- 
row or pinnate or flabelliform, plaited in vernation or carinate; 
petiole or midrib sheathing. Flowers not large. Outer series 
of the perianth (if any) glumaccous or herbaceous, inner series 
petaloid. Stamens free from tlie perianth or attached only to 
the base. Carpels free from the perianth. Stig-nias not sessile. 
Ovules definite, or indefinite and parietal. Albumen large ; em- 
bryo small, not axile. 

Inclining to a mild habitat. 

80. Typhales. — Not lactescent, not bulbiferous ; roots not 
calyptrate ; leaves not fiatular. Inflorescence more or less spa- 
diceous or spicate or unlflorous. Perianth (if any) of 1-7 di- 
visions, not petaloid or not wholly so. Stamens (where there 
is a perianth) definite and opposite the divisions, free from the 
perianth (exc. some Orontiaceos). Carpels forming indepen- 
dent cells, more or less free from the perianth. Ovules 1 or S 
or indefinite, basilar or suspended or at the inner suture of 
the free or connate carpels. Albumen (if any) enclosing the 
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embrjOf which is in such caae cyUndrical and straight and ax* 
ila Embrjfo (if exalbuminous) having a scale-bearing plumule 
or macn^podal, with radicle turned from the hilum ; embrjo 
(in non-arboreous plants) having a lateral cleft for the emission 
of the plumule. 

Inclining to a mild habitat 

ltS7. 
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THE ULVACEOOS RACE. 

[(+)B7iMideM. (t) foracwe,' cliimilnsuB,* (tjiii.v»c 






imiciTiE, [cbLoiiDtluetaii, giriyaraiB, (aageing*).] ri 



CiiQnH-tixHOTHiiii>;E>):-moDtiDii>ij,[lythri«ir, (t)tbiiophDriuae, Toehyain*. eombreteW^M 
Uemsoj'lieme, nuluiaiuueH, diDgiaoua, licjrtbidKMa-bartiagtoBiee, -hivm»Eta-puiiicm,3 






Lubili>eBa*-nli iiaitmf 



Stilicnf-plumbtginiMic, fot.emoiiiiciai, eobKMe>i>, diipctulienF, bTdroleiMts, 
HjilrophfllDMic, noMituiitACXi, hFliniropic«.B, >hr*tlic»a, cordiamg, 
Nolinien*, [(+)dleiUlu!M(°, ■<ii.>sicilE-(cf>ttaew,) cunva1iruli»>e, cuicuUctls,] 

L»iph»ini»oH(,' [criiifurdi»!-+oesTi4>i*c«*«, miojamhi 
iB-umbi 



f+)AFOcriiACI.K, ■•depindicHa, catiaaew-TauaoIfirn,] poWiacHs-lDgauiacaaa, lygodfaodau 
4<3iiic!ioDai!aaa, opatculacian 



(+)A>a1ia<iaaa, [loraDlhacesa, (t)bimam 

{■{■)PiaIiaccaa, tbjdiorbatacfae, ALnMjicliAl, bulamaraas, pant>d< 
Com nwliunaa-philfdraai, ijridafleaa-rBaCiaiwaB-deavaiiiiiira**, c; 
C}'d>Dthu«F, paadune-TTMIjIclai, (f}acarue'aa-ancSM-aaibr(ii 
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Averiplion ^ several Nets or Rare Plants &>Atc& have lalt^ 
FhweredtH Oie Neighbourhood c^ Edivburgk^ chiefly intht 
Xa^ BotonK Garden. By Dr Gbahau, Prof, of Botany. 

ifar. 10. 1838. 
AiJBttdochia aaccato, WaBich. 

A. memlm ,■ rolubilif ; foUit obloogU vel ovito-obton^ BcuminsU*, in* 

tegris, aubtus lamisque riliotiit floribui Utenlibui. ncemoni; peri- 

■atbia Tilloso, iiiflezo, medio ventiicaao, limbo orbiculalo uigustusimo 

Eubrepuido patentiidmo, Uaee mixinu. — WaU. 
Aiutoloch'u ncata, IVall. Flinic RoHorea, 3. 3. t. 103 — Ihid. CaU- 

logue of Indian Plants, No. 2707, " — BoL ftl«j{. 3(140, 

Description Sirub i-olublle; iIcbu very long, slender, brancbed; tar*. 

*b«D old. corky. Leavfi (I3-I& Inches long, 4 broad) scattered, orato> 
cordate, allenuated at the apex, Elightly waved and siDuated, entire in 
the edeeii, petioUt«, »hen joung corered with bravn hairs, vhicfa bdov 
are nlEy, more dense, aubappressed, and longer than tliose above, wller« 
they are more erect ; the leaves nhen old are less hairy, rntber by the 
cxtennon of the lurface tban by the hairs being deciduous ; middle Tib 
and primary veins prominent on both surfkcei, transverse reliculitiona 
only pmuiioent behind. Raetmei sriiing from tbe stem near lis base, 
■liere tLe leares have dropped, and quite in tbe shade (even under-ifae 
table in tbsstove)ieTeral Hovered, pendulous, like the petiole and younj; 
branches densely covered with brown haira, which are reflexed on tbe 
last, but erect cvadpresied on the tirst two. Flovm membrsDous, coveted 
with spreading hairs, pendulous, tube turned upwards in the middle, the 
reflected portion being parallel to and in contact with the otber, yellow- 
ish-white within and without, but b»ving externally many nerves, smaller 
transverse reticulntions, and small glandular excrescences, all of a red 
brict colour, conLracteil a little above its base, and below this, both with- 
in and without, of a dirty ted colour, and having spread over its inner 
ntrlace a covering of hairs singularly crystalline and ramified, forming a 
larjre pouch where it is reflected, and in its erect portion aflain contract- 
ed, flattened in front, and slightly clavate upwards, within thii portion 
minutely glandular, but without any hairs; tbrnut circular, placed ver- 
tically, of brght yellow colour, urith a narrow erect margin ; limb oar- 
row, before expansion folded in three triangular divisions across tbe 
throat, when expanded flat end obscurely 3-1obed, oa^ts upper (aDtetior) 
turface dark purple, densely covered with erect warts of similar colour, 
on Its lower (poBlerior) suriiite similar to the outer surface of the tube. 
Anihtri aix, yellow, 2-ccllcd, burstine aloni; ihe front, oblong, senile 
upon the sborl stout clavate ilgk ; pollen yellaw, granules nearly globu- 
Jsr. Sitgma of Ibree acute mnnlvent lobes, sending projections down- 
wards upon the style, so as to separate the stamens into pairs. Gnrmn 
!_?^:loc, •lightly clavate, furrowed, densely covered with creel br«wD 
haira. Ooi3t> vary numerous, bcrisontaL 
This curious plant is a native of Silhet, and was introduced into tbe Rnyal 
Botanic Garden, Kdinbureh, from the Calcutta Garden, in ISW; " 

S reduced a aucceasion of flowers in Septemtier last, but formed no fruit, 
did not percfive that exceedingly offensive smell for which Dr Wal- 
lich, in tbe splendid work above quoted, says they are remarkable. 
The ensnaring of insects by plants is observed in many cases, jla use db- 
puted, sometimes I think misunrleritood, and lis benevolence in tbe ar. 
rangement of nature considered equivocal. One thing is obvioua,— it 
demonstrates premeditation and design In the rtmSgurstion of pan*. 
The Urge heavy pouch in the middle of the tube necessarily keep* Om 
flower pendulous, and its throat erect. Having removed from the plant 
-nt of the racemes for examination, I laid this down on the table, aM 
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wu Burpriwd to Me • cTowd of imall fliea Immediitelj rush out >t tbe 
thnnL I raUat tlie flowera into their natural potiition ifrun, and though 
I saw, by plncm); them between me and the ligbt, ihit verj manj 
flld were still in the tube, ntl verj reitlesa, and attemptinit to eccnpe, 
not one could clioib up tbe now erect thrmt 1 repeRUid thU experi- 
ment manT times, and alwajrs with the name reault; — in the horizontal 
position of the flower the flies came out instantly,— in the erect position 
they were imprisoned. I coulJ not discover with the niicroMope any 
cause for this, and am forced to suppose that there may he a parllcubr 
condition of tbe surface in the upper part of the tube, from secrelian, or 
other cause, which prevents the adhesion of the feet of the injects, though 
tbey are able to walk along it when horizontal. 
It is ntpposed that the confinement of inwcts in flowers is to effect the Im- 
pn^Blion of these ; and it has been thought, that the decay of their 
onfles in other parts, as in Diertaa, Nepenlhei, and £ararmto, tends to the 
nourishment of the plant. The lirst 1 believe is sometimes true: though 
I disbelieve the second, I have nal, in every supposed instance, the 
means of disproving it. In tbe instance under consideration, and, I be- 
lieve in others, the object seems atlogelher different. Years ago I oh- 
aerved a living worm In several of the decayed leaves of Dionaa muwi- 
eipuia, and was Induced in consequence to suspect that the capture of 
certain insects by this plant was not for their destruction, but to provide 
• proper nidus for their eggs; and I more confidontly believe tiiat this 
)■ the case in Ariilolochia uccala^ for in all the Howers of this plant which 
I opened, I found many perfect ^ftip, and many living maggota Some 
insect! wrap up their ef»8 in leaves ; to others this instinct is denied, 
but protection is extended to their race hy what. Imperfectly understood, 
has been thought an act of unmixed cruelty. 
Batemania Calleyi, LtniU. var. 

Battmania. — Flowers rinsent Sepals spreading, the lateral ones equal, 
and attenuated at tbe base. Petals broader than the sejuls, oblique 
at the base, adnate to the elunvated base of the column, [.abelluni 
articulated with the column, 3-lohed, concave. Column half cylindri- 
cal, elongated at the base t clinandrium bordered. Amber small, bi- 
locukr (F) membranous. Poll en-masses 2, 2-lobed on the back, sessile, 
gland triangular. — LindUt/. 
Batemania Calleyi, Lindt. in Bot. Reg. ITU. 
Deickiptioh. — P$eudi>-b%ill>t ovato-pyramidal, sublelragonous, corrugated, 
dark green, with a loose withered bivalvuUr Hhoatb. Leacet 2, lermU 
nal, the outer the smaller, coriaceo-mem bra nous, lanceolate, undulate, 
recurved, dark green above, paler below, having about nine nerves, which 
are prominent behind, and slightly channelled in front. Racema several, 
fi-om the base of the new and nut yet enlarged pseudo-bulb, pendulous, 
many-flowered, zig-zag. t'toKen pale rose-coloured, alternate, but open- 
ing towards one side, rising singly from the axils of targe ovato- rhomboid 
cucullate bracteie, pedicelEitP, the nedicels lonper than the braclete. Se- 
pal* unequal, the two lateral (t inch long) spalhulate, narrow, projecting 
forward and downwards, divergent, the upper (three-fnurths of an inch 
long) shorter, elliptical, connlvenC. Pelah fulcato-oblong, broader than 
the upper sepal, scarcely shorter than it. Lip equal in length to ths 
petals, concave, 3.1obed, lobes denticulate, rounded, tbe lateral ones erect, 
the central recurved and longer, undulate, and marked longitudinally by 
elevated lines ; disk fleshy, with a ragged lobe beyond its middle. Co- 
lumn half cylindrical, somewhat clavale, curved forward, with an undu* 
late crenate wing round its apex, its base projecting forward, there ad- 
hering to the petals and lateral uepala, and articulated to the labellum at 
ita point. Slamm terminal \ anther-case nearly square, bordered, unilo- 
cular: pollen-masses 4, Bubsesille, pear-shaped, the two lower smaller; 
gland subulate, projecting into the centre of the Hower. SUgma trans- 
versely oblong. Gmun sulcate, aot twisted, shorter than the pedicel 
ur sepals. 
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' The plant described flowered very freely in (he Move of the BdIahIg Gar- 
den in D.iwmber and Januarj 1S37-S. and. tliuugh It dJtTera from that 
^ured Xxy Profeamf I.inillej very frreally in its colour, and in the form 
tf the lobe in the illsk, can nnljr be cunsidtr^d a variety of tlie same 
■pecle*. PosBlbly tlie raloui aiay have been In aome degree the conse- 
quence of the season al which the plmt flowered. 

Uhododendron albiflorum, Hooker. 



Kbododendron Blbiflonim, Hoek. MS. 
Debchiptiom — Shrub erect, branched from the root, liark dark brown, yel- 
iDWish-greeti on the twif^s, and there sparingly covered wilh Itina wibap- 
preasetl dark brown hairs. Leaoti (!( inch lone Jllid of an inch broad) 
very shortly petiolate, lanceolata^blDOg, crenuhtte, undulate, concave 
Upwardi, spBrinKly covered on both udes with hairs similai to those on 
the ahuols, bright green above, and often coloured towards Uwedgea, pater 
below where the middle rib und veins ar« promineot, but grooveii on the 
upper side. Fedunclet axillary, si ngleJoweied, solitary or la uairs. CaSgr 
ft-partite, longer than the peduncle, as well as it greenish -yellnw, and co- 
vered with f hurt green glandular hairs, and others which are loD|;(er,Bame- 
what chaffy, brown at the luue of the peduncle, but becoming greener up- 
wards over the calyx ; scgmenlaimbricatud, ec|URl. Co/yf elliptical, shortly 
dtialed, glabrous within, nerved. Corolia (thiee-fciurtbs of an inch across, 
nearly as long) cam]>anuUte, 5-cleft, white, with a few small orame- 
coloured circular ipotti on l>oth sides of the upper sej^ment, and on the 
tipper side of the two adjoining segments, glabrous except on the throat, 
wWh is hairy, obscurely veined, twice as long as theolyx; segments imbri- 
nted, cordato-gvBte, biunt.at the bottom ot'the coiolk llieaweetjuiceia 
GoUected intoHve globules, but there is no Conspicuous nectary. Slanutii 
ten, sbarl£r than the curolU, rather longer than the calvx, nearly equal, 
the lower and the alternate ones rather lonBer,aube<)UBllyconnivent,hy- 
pogynuuiii fitaments subi:]avate, hairy in their lower half; anthers ellip- 
iical, short, notched at both ends, attached to the filaments at the base 
of the upper notch, without awn, bilocular, opening by an oblique B?Kp- 
tlcal hole at the lop of each loculament. Piitil nearly equal to the sta- 
mem in length ; stigma nf 6 erect, subdivided lobes, surrounded by a ho. 
Tizontal border; style clavate, glabrous In the upper half, haitr in the 
lojrer, sUgfatly declined ; gemien rounded, in its tipper half obscurely 
lobed, dari green, and covered with long glandular hairs, and short denit 

Chescence, in the lower half subglabrous without any of the glandular 
in, yellow, distinctly lO-lubed, 5.celled, each ceil with a large placenta 
projecfin^r from the middle of the central column, and covered with nu- 
merous ovules, the lower and upper part of the •;«TDiEn being empty. 
This very distinct spedea was raised at the Botanic Garden ^m seed ga- 
thered by Mr Drumniund in British America la 1038. It does not grow 
fteely.and flowered ra I her sparingly in the open border for the first time 
in July 1837- It is to be regretted if it is found difficult of cultivation. 
Cur Mr Dcummond slated that it farmed a very handsome shrub. 
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1837, December 4.— Sir T. ]\f. BttianANE, Hart., Pre- 
sident, in (he Choir. The fullowing communications were 
read : — 

1. On the Food of the Vindncc, Ileriiog and Salmon. By 
John Stark, Esq. 

The aiitltor in this roeiDCiir g^Te a full account of the food of 
tbete apf«ies, an coDtained in the writings of ■Dthoro, and as 
ascertained from actual obaprvatiun ; in answer to some lucnkra- 
tiouc on tlii« well known subject laid before the Society 

December 18— Du Hofe, V. P. in the Chair. The fol- 
lowing communications were read : — 

1. Remarks on the Ossiferous Caves of Cefn, in Denbigh- 
^ire. By Professor Traill. 

The«e cHTee, which were fir»t described by the preienl Biahop 
of Norn-tch in 1833, and have Biuce been more fully explored by 
Dr Cunmiing of Denbigh, were visited by the authur in the autumn 
of 1837. The principal cave is a fissure in a grand mural escaqi- 
ment of the inonntain limestone of Wales, about two miles and 
*-hftlf south-wrsl of St Auiph, and nixura hnlf-way down the pre- 
dptce, whiih seems to be about i!50 feet in height. It forma at 
thftt point the lotithern boundary of the limestone, which conati- 
tntM the banis of the Vale of Ctwyd ; and is divided from the ex- 
tensive greywacke slate formation of that rounty by the narrow 
picturesque Vale of Cyffrediu, through which the river Elwy flows. 

The hill of Cefn consists of paritllol beds of limestone, which the 
cxteniire quarries on its southern flunk shew to have a regular dip 
of abonl 8°. This cave was discovered in 1830 to contain earthy 
deposits exceedingly rith tn bones of mammifcra ; and, since that 
period, they have been murh empIo)'cd as n manure by Mr Lloyd, 
the proprietor. During the excavations for this purpose, many 
teeth and fragments of larger hone», so entire ns to be readily re- 
cognised, have been obtained. An interesting collection of them is 
preserved at Cefn House, mid some are in the hands of (he author. 
Among th« former, he noticed part of the humerus and a molar tooth 
of a rhinoceros, several teeth and hones of the hytena, and beauti- 
ful teeth, and a considerable portion of the l<iwer jaw of a bear. 
Pr Traill has in his posses«ion two phalanges and two teeth of a 
bear ; a phalanx of a targe Felis, resrmbting the tiger ; parts of the 
tibia, and of the astragalus, and a phalanx of a large Bos ; portion* 
of the metacarpus of no immense ruminant, apparently adeer; be- 
■ides a variety of fragments, nut so easily ascertained on account 
of their mutilated state. 

The materials, which filled np the fissure or principal rave al- 
most to its roof, are regularly stratified. They formed together a 
nraas of earthy matter twelve feet to thickneia. The first or upper 
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of this paper means to include the consideration of tlioae caases 
which regulate the propagation of the tides, ao as to exclude en- 
tirely the eKamiiiation of the mechanism by irhicb they are prima- 
rily produced. The generation of the tidal elevation in the Pat^fic 
or Atlantic Ocean is a question entirely of celestial mecbanica. 
Bat the tides, after having been generated by solar and lunar at- 
traction in a manner that is found to be perfectly in accordance 
with the varying intensities of these forces, do not subside at the 
instant when these forces cease tu act, but continue to exist during 
a long period of time, reaching our shores three days after their 
birth ; and have obeyed, during thia long interval, laws perfectly 
indepeudent of the original influence by which they were produced, 
and presented phenomena in direct opposition to it- They have 
obeyed the laws of terrestrial hydrodynamics. The law of the 
propagation of the tidal wave through the ocean and around our 
shores, belong* therefore to terrestrial, not to celestial mechanics. 

Although our knowledge of the celestial mechanism of the tides 
has recently attained a high degree of accuracy, our knowledge of 
the terrestrial mechanism has been hitherto almost entirely conjec- 
tural. In the former department, the system of Bernouilli, based 
on the discoveries of Sir Isaac Newton, presents us with a theory 
of the tides in close accordance with the phenomena. Laplace, iu 
fais elaborate discnssion of ibe tides of Brest, executed by M. Bon- 
nard, has verified this accordance to a high degree of precision ; and 
the recentresearcbeson the tides, by Mr Lubbock and Mr Whewell, 
nay be considered as having rendered the celestial mechanics 
of the tide as perfect as any other department of Astronomy, the 
errors of prediction being now reduced within the limits of the er- 
rors of observation ; ao that Mr LubbiK'k has stated that he does 
not look forward to any material improvement in this department 
of our knowledge. 

Bui our acquaintance with the terrestrial mechanism of the 
tides is in a very diftereot condition. In reference tu the pheno- 
mena of this department, Laplacehassaid, in the third chapter of the 
fourth book of the Mecanique Celeste, and he repeats the opinion 
in the first chapter of the thirteenth book, at a much later date, 
where he says : " Que lea circonstances accessoires produisent des 
vari^tes coneiderafales dans les hauteurs et dans les heurea des 
marces des ports meme tres rapproclies ;" and then he adds, " II 
est impossible de soumettre au calcu] ces varietes, parceque les cir- 
constances dont elles dependent, ne sont connues." Mr Lubbock, 
in like manner, speaking of the fluctuation of the establishment, 
says, " This perplexing fluctuation presents an insuperable obttacle 
to extreme accuracy in tide predictions, until it can be explained ; 
at present we are only left to conjecture respecting the cause." 
And Mr Whewell says, in 1837, " I cannot conclude this paper 
without again painting out that a great number of curious facts 
in fluid motion are established in these Tide Researches, of which 
it may be hoped the theory of hydrodynamics will one day be able 
to render a reason." 
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4C6 FnxmOmgt if Ike Sogal Seeieig. 

■M(fa«Mc«faeeTtwB ipwJei if wvn in tke mnttace af Mil, 
ami lU* ^acwa af w^tb a^pfwcd W pr«Mal Tay (Criking Mal^ 
git»l«lkt>ik-v«re. la 1833, Mr Whenfl expnaMd IriiMdt 
•ri wrirtioM oTtkeir uaiilariiy, Md Mr RabtMa aad " 
«Mi^ Ml I836t ■ppoinrlcd a CoHakbe of ilw Briliih 
•b i B ia Hka te tbe aabifict. TW Bepoit of Ana aWrri 
dsea ta Uw BritUi Amtcblna ia 1837 ; bat as l' 
HMiMrlves arc aol aeccHaarilj coaoected with the psrtrcalar «aa- 
fliBMMB vUch laay ke ikmini frum tbem, the«e rondntKMi, it 
vfei^ dw lalltai kad airivad, were made ibe inbj^cl of a tepanl« 
jBpar la tkw SooMf. ' 

Ike t»ftr eaibraoed dwae MibjiiU af e^tamniRtioa. 
L Btj^tiAiff tke ^m aoAm ^ ikt tidt <rai«.— Bjr obwrTatiow 
■Hda •■ tka tides of the riren Dee (in Cbeshirp) tnd Cljde, it 
«■■• Ml II 1 1 Willi d tkat the tidd elevation if a large compoand wnn 
oiamiiag of a wriw of elementa, each nf which is idvnticai a-ith 
Ike wava af tka firal order, or ftreat primary mre of tramtla- 
lia^ af which the anihor hud abeady dctt-rmined the nuorp and tha 
kwa. The (wAkm> of the tide-ware is that doe to ibed«ptfa of the 
iMialiii iif f^filiy I f the transTerse section of the charrai-l helow 
tke tar&ee> Th« tide ware 'u a ware of tranfilation, but thu rehK 
eiljr of mtiftlalton of the partides i» entirely dtffvrent from the t»- 
kiciiT of propi^iioti of the ware, the fbmier beinf^ rarioble, and 
the iailfr uuontaDt n'hen the reloriiy of pn:>piig«tion is pratei^ 
tke reludiy of Iraniilsiion is oftt^n least Tlie tranahtliua takei 
place atntotl niiifiirnily to the greatett deplfa failherto obserred. 

IL 7A« apptication if' am hnawlrdge /o At exp/aitatfo» of 
ib ordinary aitd extraordinofn) ob*eriitd phenatnata of the tide. — 
The identity of the tide-wave with the ware of translation af- 
fords an explanation nf the foliuwing jihenuiuena, which have hi' 
iherto been wholly unexplained or imperfectly iin<ler«tood. (I.) 
The dislocation uf the tiJi- by whtvh the time of ebb is incrFosed, 
and the time uf flood diniinialied by propngation, sAer a consider- 
able ipace. (•!■) The differenoe between the height uf tides in 
places wliicb are adjacent, and hare been expected to hare nearly 
the same tides. (3.) The rarialion of the establishment from time 
to time, arising from changes in the dimensions and form of the 
bottom uf the tea or channels of rivere. (4-) The cause of the 
breakiug sui^ or tide-bar. (b.) The variation in the form of the 
cnr*e ol* temi-tuenstriul inequnlity in the height and in the interval 
b1 different placed, and the exaggf ration of the other inequalities. 

111. 'I he deductioa of praejitat maxima for Ae impravrnunt ef 
tidal citawrit, — Tbe last purt of the paper is directed to the de- 
temiinalion of tbe principles by which tidal chanifela may be im- 
proved, so aa to fncilicate tha ascent of the tide, — to increate iu 
volume, — to dimitiiah theduratiooof ebb^ and increase thaluf fiood- 
tide, — aud lo impede the action of the tide in moring sitnd, pro- 
ducing bans and injuring tile banlu of tiilal cIrHniiels or rivers. 
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Proceeding! nflhe IVenurian Xatural History Sociel^, 
{Cont'utacdjiom p. 209.) 

The thirty-first segiuon of this Society commenced on the 2oih 
November 1837 ; when the following geotlemen were elect«tl«ffice- 
besranfor 1838, vie 

BoBiBT Jamesos, Esq. F.ItSS.L. & G. Proreuorof Natural Hbtorv in Uie 
UniveiBitj uf Edinburgh. 

Fkt- PretidenU. 
Hr JcrnH COLI>»Tk£AM, Dr CHAHt,&g Ahdeheon, MACS* 

D*vii> F*tcoN*a. E'l. Wix.j..au Coplawo, E»q. t'JLS.E. 

SMrtfr^^lii P.Neili.. F.R.S.E. LibrariaH—^Auma Wilmm, Ew. 
^utf<nn( J'ffi.—T. J, ToaaiE, £04. Prnnfrr — P. Syme, £»u. 
rnaturcr 4. G. ElLii, £9q. -*muA /'aiBicr — W. H.TowMiEKD.Esq. 



Sr R. K. Gmbvillf, F.K.S.E. Dr M*«Tiie Babii, F.H.aE. 

joBH Sliso, Esq. F.R.S,E. Ka. Jiuei H<v Cuhninoham. En. 

te WjiLTEE AOAU, r.H.C.P. W. A. Cadeil, Esq. F.R.SS. I. fc E. 

Dr WiLLTAU Macdonald, F.a.S.E. Dr UoBsaT Hahilton, F.K.aK. 

At tliis meeting Dr Martin Itarry exhibited n living gpedmen of 
the Proteus nnguinus ; and having, with n luiic«t, drawn a small 
portion of its blood, tiheweJ ihe g^lobules by means of a iiiicrogcoiie 
by ^hiek of Berlin, these globules being about fifteen times larger 
than those of human blood. 

1887, Dec. 9 Professor Jameson P. in the Chair. Mr Torrie 

road (he Rev. Dr Anderson's Account of remarkable Fo^8il Re- 
Bains, es[ieciiilly Fiithes, laund in the sandstone of Pifeshirc ; and 
exhibited some interesting and beautiful specimens. Mr Torrie 
then read Dr Boue's remarks on the scenery, anticfuitles, pojiuta- 
tioD, agriculture, and commerce of Central Turkey, Part 1st (since 
published in the last number of this Journal, p. 131). Professor 
Jameson exhibited nn enormous tibinl bone of a Mammotb, from 
the base of the HiminalHya range in Upper India; likewise two 
■kulU of the great or red Oran-ouiang ; and a fine specimen of the 
Stork killed on the mainland of Shetland last Kutumn, and trans- 
nitled by William Mouat Cameron Mouat, Esq. of Garth. 

Jan. 18. 183a Profuisor Jamkson P. in the Chair— Mr Torrie 
Kod Mr G. Maclaine of Batava's Remarks on the Ouology and Mi- 
Meratogy of Java, which were illustrated by specimens ; likewise Re- 
aurki on a species of the order Cheiroptera, taken in the lombs of 
tfie kings at Thebes, by Dr William Hihhert of the Queen's 
Royals ; cotnmuuicHted by Sir James M OHgor. Mr William 
Jameson exhihired and described various specimens of new or rare 
birds from Northern India. 

Jan. 27. — Daviu Falcon*«, Esq. V-P, in the Chair. — Mr Torrie" 
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read a communii^lion by Dr Charles Bell, Phynician to the Bnrisli 
fimbaMy at (he Court of Periia, oD the Geology of part of the dis- 
trict of Mazunderan. (Thig Paper has Bince been read at the Geolo- 
gical Society of London.) Profesaor Jameson exhibited and de- 
scribed a fine specimen of the head of a large Mastodon from India ; 
from the collection of Colonel Colvin. Mr Kemp eiihibited the ex- 
periment of the solidification of carbonic acid gas. 

Feb. 10 David Falconab, Esq. V.P. in the Chair— Mr Torrie 

read, I. Dr Bouc's Remarlcs on the scenery, antiquities, population, 
agricnlture, and conniierce of Central Turkey. Port 2d (Published 
in our present Number, p. 237.) 3. A letter from Dr Smith of Lima 
on the use of ice in the core of cholera morbus in Peru. 3. A letter 
from J. B. Peiitlniid, Esq. cuntaining notices on elevated beaches in 
South America, (an extract is published in the present Number). 
Mr William Jameson communicated some remarks on gulls, and 
described a new species from India. Mr Kemp showed the action 
of potassium on variaus gases. 

Feb. 24— Oavid Falconar, Esq. V.P. in the Chair— Dr Mar- 
tin Barry gave microscopic demonstrations of the ciliary motions, 
as well as of individual ciliee, in the Osirea edulis ; also of an do- 
impregnated ovulum of the Lepus timidus, &c. and described a 
series of diagrams, illustrative of the various parts of the ovulum in 
all classes of animals, from the inftisoria to man. 

Marth 10.— Professor Jameson, P. in the Chair — Dr Robert 
Hamilton exhibited beautiful coloured drawings of the known spe- 
cies of sealH, and made remarks on the characters and habits of each. 
Mr R- J. May Cuaniughani read a paper on elevated beaches, in re- 
ference especially to a deposit near Cockburnspath. Dr Martin 
Barry then read a pitper on the Blood, in regard particularly to 
the application of histological characters in zoological classification, 
first proposed by Professor Wagner of Eriangen in Bavaria. He 
pointed out some remarkable coincidences between the sice of the 
red particles and the degree of concentration of the germinative 
spots in Fishes and Amphibia, and gave a microscopic demonstra- 
tion of the blood -granules of the Osirea edulis, and of the nnini- 
pregnated ovulum of Birds and osseous Fisbes. 
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Bolanical Society of Edinburgh, 
Fbom an early period in the history of the University of 
Edinburgh, the Professors have recommended and encouraged 
tlie formation, among the students, of philosophical and lilentry 
societies, where not only the different branches of science and 
literature, as taught in the University, but also the novel vievs 
and original investigations brougiit forward by tlie members, 
could be freely and amply discussed. 
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These socieiies liave gradually increased in imporlance, and 
Iheir usefulness has Iwen niucli extended by the rich libraries 
and the museums attached to some of tliem. 

The following list of these societies will afford to the public 
an opportunity of judging of the extent of this branch of our 
University system, whlth, highly as it is esteemed, is not so ge- 
nerally known as it deserves. 

Societies funned by, and coiiducled under the management eft 
the Students in the University of Edinburgh. 

Medical— \. Royal Medical. 2. Hunteriao. 3. Anato- 
mical. 

Natural Hlitory. — 4. Royal Piiysical, which embraces Ge- 
neral Natural History aud Chemislry. 5. Plinian — General 
Katural History, and Natural History of Scotland, 6. Cuvie- 
Tian — Zoology and Geology. 7- Botanical. 

Natural Philosophy. — 8. Physical and Mathematical. 

Literature. — ^9. Speculative, and some minor societies. 

We do not include in our list the Law and Theological Siv 
cieties. 

Having been requestetl by the Botanical Society to allow an 
abstract of their scientific proceedings to appear in this Journal, 
^e do so with great pleasure, from knowing that this public re- 
cord uf its proceedings cannot but be useful to the Society, and 
also gratifying to the lovers of botany. 

11^ January 1838. — Professor Grnliaiu, President, io the Ctiair. 
Mr R- W. Falconer read a poper on " tlio ancient history of the 
Rose," in which he gave an account of the rose trees mentioned 
and described hy the Greek and Roman writers of antiquity ; also 
of the modes in which roses wei-e cultivated, their periods of flow- 
ering, and the various uses to which they were applied. Theo- 
phrastus and Pliny appear to have given the fullest account of the 
rose, the former enumerating livo kinds of roses, the latter fifteen, 
eleven of which, he says, were familiarly known to the Romans. 
After comparing the descriptions given by these authors with those 
of Dioscorides, Cluslus, and other writers, Mr Falconer proceeded 
to give an account of the ancient rosaiin or rose plantations, col* 
lected from the various works of Pliny, Columella, and Palladiag; 
also of the means employed for propagating and forcing roses men- 
tioned by Theophrastus, Didymus, Pliny, and Seneca. The diffe- 
rent localities renowned for their roses were next stated; Nican- 
der, Athenjeus, and Pliny, being the principal authorities < 
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Mi^ AiHag At M i uiMi ihe rae wa* employed medidiiKlIy, ■! 
Mil ft^inii. ill H ihiii tMi»»\ m(mniiiiii sIm u an &rlic}cof 
laxary M their baiM|acU, and Air maldng ungaenta. Tbe U4es of 
g tke Grcda mad Roduiu were nearly the nme, the 
re profiuely, and setlinf^ a 
« tbe firat Butiinr whom iSir 
d the roM, and lie flourisbed 
& c Hyrepnoai « Heidicml writer of ibe ISlfa centarf, 
WMthelalat ntbor <|aa4ed. 

A iwiwiialiiw Iran Hr Edwin Lees of Worcester wa* then 
I, giriw^ IB auu m mt of m tpedmen of Pyrtu dimeuiea, Sm^ or 
■ J PI Wyre Forwt, n'orc«eter»bire. Mr 
I^M ihUn it praWrfe, from tbe ntnation of ^^'yre Forest, on the 
■■■iaci %t tlu«« «a«Miea. Wvoestar, bah^ and an isolated ponion 
of Slafiwd, that this locaUtj fer /V^i* damatica may hare been in- 
■drcrreally BiillipKed; and thatt the station given by Or Ploi and 
lUji ta the " moorlands of Staffordshire/ [>u«sibly may refer to 
ihoapecmea ia ({Bestion, whidi, huwerer, it situated in the parish 
vtBmA, in Womswrshire, aboDi three mile* from Bewdley. Prom 
R clofe intpectiea of tbe Wality. Mr Lee» is incline'l to think that 
iho tree allttded to is not there indigenous, although probably en- 
titled to aa aflliqaity of not les« than 400 years. The vestiges of 
a habitatiaa aad garden he tbou;;bt might be traced in some 
hiyka hmI Tvama near the spot, aiid here be found sulitftry spe- 
oi wM nt Ugtubum vtdgare and Prvtnu domestka, the only ones 
wUdi he obacTTed in the whole forest. The tree, when visited in 
1896, Wat ms^ dilapidated, and presented the appearance of ex- 
treme old a^ in tbe batlered stitte of its bole, great height, broken 
lower branches, and tenuity and tortuosity of the upper ones, which 
only bear flowers from ihe young shoots at their very ends. Fruit 
is ftfodnced annnally, and is eagerly gathered as a curiosity by the 
coantry people, nbo look »pun it as a charm, suspending it in their 
habitat ions, and appearing to consider it a safeguard, while to the 
muontain ash i^Pyrut Atievparia) they pay no sort of attention, al- 
though they seem to be fully aware of (he relationship between tlie 
species, designating the latter the " Wliitten tree," while the for- 
mer is called the " ^('hitten pear-tree," the fruit very much resem- 
bling a small jennet pear> T^e stations given fur Pifnis domrstUa 
In Cornwall and the Isle of Wight, Mr Lees thmks rest on dotibt- 
Ail authority, and tliat its clainte to being considered indigenous to 
Britain would require lo be based on a stronger foundation than 
that'sffurded by the solitary individual in Wyre Forest- 
Dried specimens of plants were presented from many roeuibers 
of the society, received since 14th December last, along with t»- 
rions donations to the library. 
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SCIENTIFIC INTELLIGENCE. 

PHYSIOLOGY. 

1. On the Gaset contained in the Blood, and on Retpiration. 
By M. G. Magnus. — M. Magnus remarks, that it remains a 
question, whetlter carlmnic acid is lunned in the lungs by the 
Dxidiscment of a part of the carbon in the blood by the action 
of the air, or whether venous blood, when it reaches the organs 
of respiration, contains carbonic acid ready formed, which is 
merely sepaisted from it ? M. Magnus passed hydrogen gas 
through a solution of potaah, to deprive the gas of any cailmnic 
acid wtiieh' it might cuntain, and when it gave no precipitate 
with lime-water, he passed it into tlie blood of a healthy man ; 
the gas afterwards made to go through the hme-watcr, gave a 
plentiful precipitate cf carbonate of lime Azotic gas similarly 
employed, produced a like etTict ; and M. Magnus concludes, 
from these experiments, that carbouic acid exists ready formed 
in tile blood, and consequently that it is nut formed in the lungs. 
Carbonic acid was also separated from blood by means of the 
air-pump. By using Liebig's .ipparatus, M. Magnus found that 
blood contaiued about one-fifth of iis volume of carbonic acid 
gas, and when it hatl been kept 2i hours, without emitting any 
bad snieil, thequantity was larger. The results were confirmed 
by employing atmospheric air instead of hydrogen gas. M. 
Magnus then ascertained the nature and proportions of all the 
gaseous contents of the blood. He found that 100 volumes of 
the arterial blooiTof a horse yielded carbonic acid gas 4.32 vo- 
luntes; oxygen, 1.52; azote, 2; total 784 volumes. The ve- 
nous blood of the ?ame horse, drawn four dnys afterwards, gave 
carbonic acid gas, 429 volumes; oxygen, 1.12; azote, 0.51; 
total, 5.95 volumes. The arterial blood of the call' contain.^ 
more and tlie venous blood less oxygen than tliat of the horsC' 
M. Magnus observes that these experiments, wid others which 
we have not copied, appear to shew that the gases contained in 
the blood of the animals amount to about one-eighth or one- 
tenth of the quantity employed. He admits, however, that the 
experiments are not absolutely precise, because they were not 
all continued the same length of lime, Sec. But he observes, 
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that, as the proportions belwem the oxygen and carbootc acid 
are imaiublj the tame, these results ntay be regarded as tti- 
tisfactorjr. With regard to the iheory of respiratiun, all 
experiiDeataliats agre« sis to the reciprocal proportions be- 
tween the caibonic acid expired and the oxygen absorbed; 
while, boweTer, eoinc of them are of opinion that those quan- 
tities are always equal, as must happen if the oxygen gas were 
employed merely in the formation of carbonic acid in the lungs. 
There are clieroists »hose results shew that more oxygen is 
inspired than carbonic acid expired. Messrs Allen and Pepys 
obserred that this was constanlly the case where the same air 
was repeatedly respired. M. Magnus adds, that this fact, so in- 
explicable hy other tlieories, is an immediate consequence of the 
hypoibcMS founded on the law, that a liquid holding a gas in so- 
lution parts with il when it conies in contact with another gas. 
Another circumslance noticed by Messrs Allen and Pepys, is as 
inexplicable as the prtcading, namely, that by the respiration of 
oxygen, or of a mixture of oxygen and hydrogen, azotic gas 
is constantly expired, the volume of which is proportional to (he 
bulk of the animal ; this proves that it cannot at all be atlribu- 
ted to the air. It now remains to be shewn thai the carbonic acid 
extracted from the blood is in sufficient quantity to account for 
that which the lungs expire. The results oblained on this sub- 
ject are discordant ; diose of Messrs Allen and Pepys evidently 
exceed what they should be ; for Berzelius has shewn that if cor- 
rect, it would require six pounds and a quarter of solid nourish- 
ment in twenty-four hours, to produce the quantity of carbon 
consumed. Taking, then, ihe results by Davy as a mean of those 
of Lavoisier, and Allen and Pepys, although perhaps a liltle 
too high, we shall have thirteen cubic inches as the quantity of 
carbonic acid gas expired by a man. If it be further admitted, 
that at each pulsation of the heart an ounce of blood arrives at 
the lungs, sevcnLy-five pulsations in a minute would convey five 
pounds of blood in the same time. This is the minimum quan- 
tity which can hcadniiiied; for it is very probable that five 
pounds of blood pass through these organs every minute ; these 
five pounds produce thirteen cubic inches. It has been already 
mentioned that the blood contains at least one-fifth of its vo. 
lume of carbonic acid ; and as a pound is equal to twenty-five 
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cubic inches, each pounit of blood would conlnin at least five cu- 
bic inches oF carbonic acid. It will be observed that no circum- 
stance opposes the proposetl theory; hence the experiments prove 
that the quantity of carbonic acid contained in venous blood, is 
more than sufficienl to furnish the quantity required. 



2. Preaentcition of the Wotlasion Medal to Professor Owen. — 
At a late meeting of the Geological Society of London, the 
President announced that the WoUastoij Medal for the last 
year had been awarded to Professor Richard Owen, and on 
presenting it to him Mr Whewell expressed himself in the fol- 
lowing terms :— 

" Mr Owen, — I have peculiar pleasure in presenting you 
with this medal, awarded to you by this Society, for your ser- 
vices to fossil zoology in general, and in particular for the de- 
scriplion of the fossil mammalia collected by Mr Darwin. I 
trust it will be a satisfaction to you to receive this our tesli. 
mony of the success with which you have cultivated that great 
science of comparative zoology, to which you have devoted 
your powers. I trust it will add to your satisfaction, to con- 
sider, that the subject which we more peculiarly wish to mark 
on this occasion, — the study of fossil zoology, is one to which 
the resources of your science were applied, while the subject was 
yet new, by that great man — John Hunter, — whose museum 
and whose reputation are so worthily assigned to your care. 
I trust also that this medal, thus awarded to you, at the out- 
set, if I may so say, of an enlarged series of investigations, will 
convey to you the assurance that, in your progress in such re- 
searches, you carry with you our strong interest in your endea- 
vours, and our high esteem of your powers and your objects ; 
and will convince you, that in all your successes, you may 
reckon upon our most cordial sympathy in the pleasure which 
your discoveries give." 

S. Commiinkation of Ihe Poison of Hydrophohia or Rabies 
Jrom one human being to another. By Dr Haxthausek, Dis- 
trict Physician at Neisse. — A servant received a slight wound 
from a young shepherd's dog in the right hand, and eight weeks 
aflerwards, became affected with hydrophobia, akhou^ W 
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placed the niosl implicit confidenoe in a quack remedy employed 
by the peasants in his neighbourhood, which was a|iplied imme- 
diately af^er the accident. He had felt sharp pain proceeding from 
the cicatrix of the wound up the arm to bis breast, many days be- 
fore ihe appearance of the disease. No vesicles appeared on the 
tongue, but there was swelling of the glands, and although he 
was in full possession of bis senses, yet he had a strange unac- 
countable feelingat intervals. The longer those periods lasted, so 
much the longer and more slomiy were the hydrophobic attacks. 
Id one of these paroxysms, rendered remarkable by his spit- 
ting, biting, and scratching, he suddenly broke away from bis 
attendants, and scra[ched ihe face of aservant giil who was pre- 
sent. This girl, a slroiig-minded phlegmalic person, about 
twenty years of age, immediately washed her face, and r^ard- 
ing the accident as an indifferent occurrence, thought no more 
about it, until the night of the Idlh May, when slie found her- 
self indisposed. Her temperament had become basty and exalted, 
and quite different from what it had been formerly. Her eyes 
became bright, and at times sharply fixed ; her thoughts, con- 
trary to hei- usual wont, seemed busy ; sometimes she would ap- 
pear to listen, then feel astonishment. These symptoms led to 
apprehensions of a serious illness, but before this had occurred, 
the girl was brought home lo her parents in a neighbouring 
province of Austria. From thence wc received information that 
bydniphobia had set in with all its symptoms. She fell shud. 
dering and spasmodic constriction of the throat at the sight of 
fluids, with sensation of choking and twitching motions of tbe 
whole body. The attacks cnme on periodically, and were parti- 
cularly characterized by wild shrieking, and a wish to bile and 
spit, as well as to destroy every thing. The latest news vie re- 
ceived was that the girl was still alive, and that the fits, with even 
increasing periodsof iniermission, had become jrradually digliter, 
and assumed in a remarkable manner the nature of epUeptic 
convulsions, although previously she never had had an attack 
of this kind. These paroxysms occurred very seldom in the lat- 
ter periods and were slight, yet lliey were ]irincipally excited by 
some remembrance of the man who had died. The medical 
treatment, after the abstraction of blood, had been of a simple 
nature. — Dublin Med. Jour n. vol xiii. p, 143. 
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GSOLOGY. 

4. On the Fmzm Soil of Siberia, by Professor Bakr of 
St Petersburgh ; coin munica ted to the Geographical Society, 
through Vice-Admiral Von Krusenstern. — It has long since 
been ascertained, saya M. Bacr, that over a great extent of 
country, the soil in Siberia is never entirely free from ice; du- 
ring the summer, the surface of the ground is, to a greater or 
lesB depth, thawed; but at some distance from the surface, a 
bottom of perpetual ice is met with. Gmelin the elder, in his 
travels in Siberia, states, that shortly after the foundation of 
the town Yakutzk* (in I.at. 62.1° North, Long. 13{P East near- 
ly), at the end of the seventeenth century, the soil at that place 
was found to be frozen at n depth of fll feet, and that the peo- 
ple were compelled to give ujj the design of sinking a well. 
Many other facts of this description were collected by travel- 
lers about the middle of the last century, but these facts seem 
not to have been generally credited ; and even in 18S5, 
Leopold von Buch, a philosopher whose opinion is of the 
greatest weight in alt questions connected with the physical 
condition of the globe, rejected these statements as entirely 
erroneous ; yet they have been corroborated in our days by the 
travels of Erman and Humboldt. Until very lately, nothing 
was known respecting the thickness of the frozen surface; but 
within these few years a merchant of the name Schargin, ha- 
ving attempted to sink a well at Yakntzk, was about to aban- 
don the project in despair of obtaining water, when Admiral 
Wrangcl persuaded him to continue his operations till he had 
perforated the whole stratum of ice. This he did, and kept a 
complete journal of his work. The well or pit of M. Schargin 
had been sunk to the depth of S8S feet, and at that distance 
from the surface, the soil was very loose, and the temperature 
of the earth ^' Reaumur (31° Fahr.), but nearer the surface it 
bad been much lower, and had increased as follows : Reaumur, 
6° at some feet below the surface ; 5" at 77 feet ; 4° at 1 19 feet ; 
« at 217 feet ; 1 j" at 305 feet ; J° at 350 feet ; i" at 388 feet. 
As the soil had already become loose at 350 feet, and as the 
aperture of the well wa.s eight feet square, and the work carrfed 

* For remarkii on Uiia EuUjucl i>y ProfeMor Biicbo^ tec tbli Journal, 
vol xslii. f. no. 
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on partly during winter, when, of course, the column c 
MT must have ruslied into the pit and chilled the temperature, 
it is probable that ihe spot at which the thermometer marked 
the frozen point, was at the depth of 350 feet. This immenre 
thickness of ground ice would prove that Siberia must have 
been for a long period in the same physical condition aji it ia at 
present. In the actual state of our information on this subjeci, 
it is impossible to determine how widely this layer of ground- 
ice is spread under the surface of Siberia ; ycl, we know enough 
to say that it extends over an immense tract of country. Hum; 
boldt found the soil frozen at a depth of 6 feet at Bosgolowsk, 
neartheUral, in 60° North Lat. Near Beresow, Erman found 
the temperature of the earth, at a depth of 23 feet, still + 1°.^ 
(9Si° F.), but in 1821 a dead body was disinterred, which had 
been buried 92 years before ; the earth around it was frozen, 
and the body did not shew any signs of decomposition. It 
has long been known that at Obdorsk, in North Lat. 68°, the 
ground is always frozen. Near Tobolsk no ice is found in the 
soil, but as we proceed to the eastward, the ground ice ad- 
vances farther north. It is to he hoped that measurements of 
the temperature will shortly be made at different depths at 
Yakutzk, and by methods which M. Schargin was unable to 
employ ; also it is desirable to institute nn inquiry as to the 
depth at which the ice annually disappears near the surface, 
and collect information on the depth of ground ice generally 
in Siberia. It would also be highly gratifying to me, and ex- 
tremely interesting to science in general, if the Geographical 
Society of London would collect information respecting the 
extent of ihe layer of ground ice in North America, the thick- 
ness which it attains, and how much of it disappears by the 
summer heat, in those countries over which the factories of the 
Hudson's Bay Cumpany are disseminated, At the termination 
of Ihe reading of this paper, an animated discussion took place 
on the frozen soil of Siberia, in which the members stated their 
views on the subject. It appears to be generally cou^dered, 
that the experiment at Vakutzk had not been made with suf- 
jident care, to authorize the belief that the frost penetrates lo 
so great a depth as SoO feet below the surface of the globe ; 
also that the statements of M. AragoandVon Buch, and others 
in our own country, on the increase of temperature in propor- 
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tfoD to the distance from the surface, were fully borne out by 
the observation of M, Schargin, and ahnost exactly in the same 
ratio as hitherto found. Captain Back slated, that in hismany 
years' experience in the cold regions of North America, even 
in the height of an Arctic summer, he had never found the 
ground thawed more than four feet below the surface ; but that 
experiments on the subject were very much to be desired. 

5. Mummy in a Peat-Moss. — Among the curiosities recently 
added to the Museum of the Royal Society of Nortliern Anti- 
quities at Copenhagen, there is one of a singular nature and 
great historical interest. It is the mummy of a female, found 
in a peat-bog near Haraldskioer, in Jutland, completely 
sunk in the soft ground, and fastened to a stake by means 
of clamps and hooks. The fragments of clothing that re- 
mained on the mummy enable the skilful antiquarians of the 
north to conclude, with tolerable certainty, that it belongs to 
the last period of paganism ; and M. Peterson has endeavoured, 
in an able historical essay, to prove that the mummy is the 
body of Gunnhilda, Queen of Norway, whom King Harald 
Blaatand enticed, by promise of marriage, to come to Denmark 
in 965, when he put her to deatli by sinking her in a hog. — 
Athenteum, No. 540, p. 1C8. 

6. Further Discovery of Fossil Remains of Quadriimann in 
India. — In a former volume of this Journal, we gave an 
account of the discovery of fossil remains of a quadrumanous 
animal in France; afterwards of the finding of similar remains 
in India, which, we have no^T to remark, were discovered long 
before it was known that similar remains occurred in the strata 
of Europe. We have hitherto received no particulars as to 
the more recent discoveries in India, further than that three 
new fossil species have been dug out of the Sivalic tertiary 
strata. 

7. The WaterfaU nf Ghmach^ in Ute Parish of Kintail, in 
ike County of Ross and Cromarty. — In this parish there is one 
of the highest and finest waterfalls in the kingdom, well known 
in the district by its appropriate name, Glomach. It is situated 
in a remote and uniniiabited valley, on the estate of Mr 
M'Kenzie of Applecross, and ahoul seven miles from the inn 
of Shealhouse. It merits a special notice in a national work 
ot this kind, and will most amply reward any fatigue the trar< 
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vellfr may undergo in approaching it from the 
height, lately ascertained (without instruments) as accurately 
as the nature of the ground admitted of, is 380 feet. At the 
distnnce of about fifty feet from the bottom, the water meets 
with a slight interruption from a shelving projection in the 
rock. This, however, adds to, rather than subtracts from, the 
peculiar interest and grandeur of the scene, — forming a kiiul of 
resting-place for the eye in surveying this stupendous fall, &nd 
giving occasion to an increased volume of spray, which must 
ever contribute to the imposing appearance of such sccncB. 
There is, however, independent of this break, at any season, 
and in any weather, a mighty fall of 300 feet. But the inter- 
ruplion alluded to is not at all perceptible when there is any 
great body of water in the river (Girsac) ; and, on such occa- 
sions, the fall is unbroken, terrific and stiblimc. The best \\ew 
is obtained from a solitary tree, about 100 feet down the ravine, 
to the south-west of the fall, in a situation the most favourable 
possible for gettmg a complete view of the whole scene ; for 
here, a narrow neck of rock, covered with long heath, stretches 
forward towards the water, enabling the visitor to occupy a 
station in the very centre of the tremendous objects by which 
he 13 surroimded. As there is no path, the tourist will at once 
perceive the necessity of using much caution in descending to 
this spot. On looking around him, he will find the range of 
his vision fearfully limited, by objects vast and immense, con- 
centrated in fearful magnificence before him, and in almost 
alarming proximity to him. He is apt, however, to consider 
his situation more dangerous than it reallv is. From the tree, 
the scene is extremely grand. The water appears to issue from 
an oblong fissure in the rock, from whence, with a fearful rush, 
it dashes its way, chiefly in one great column, to the pool be- 
low, from which, at this station, no outlet can be perceived. 
The immediate neighbourhood of the fall is amazingly wild and 
barren. In this respect, it differs essentially from hs neigh- 
bour of Foyers. Here and there may be seen a tuft of grass, ac 
probably of brecfcens, or a mountain saxifrage, clinging to the 
great naked sheets of perpendicular rocks, and adding, if pos- 
sible, to the general grandeur of the seme. — Slatisticat Account 
qf Scotland, No. xii. p. 173. 

S. On two exampks of Tranit^iortfd Bhrtn, cm the Sovtik 
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Coast of Fiiilanilf by K. E. Von Baer. — I have questioDid the 
naval ofReers employed on the survey of the coa§t of FiotaiKl, 
as to the opinions which prevail tbere regarding the alterations 
of the level of the sea. Hitherto the e\pcditi->n has been em- 
ployed CHily on the south co.ist, as the extraordinary number 
of bays and fitiiall ifdande retards grently its progress. On this 
south coast there is at least no general opinion among the iisher- 
men respecting the sinking of the level of the sea, or the ele- 
vation of blocks of stone and roeky points. The older collect- 
ed accounts also of this phenomenon on the coast of Finland 
relate only to the coast as far donu as the neighboorlnxKl 
Abo ; but it is said that, on the south coast of Finland, the 
bottom of the sea and the position of the blocks are extremely 
changeable, so that, at places where a number of large blocks 
lie together, these sometimes suddenly disappear, and, perhaps, 
coar^ sand or some other bottom is fuund at a much less cod- 
uderable depth, inasmuch as a new deposit has been* formed on 
the blocks. Sometimes, on the other hand, such a deposit Itas 
been carried awav- These changes have been ascribed partly 
to the power of moving water, and partly to that of ice. The 
ice, on these extremely indented coasts, not only attains a 
considerable thickness, partly owing to the small quantity 
of salt contained in the water, and partly lo the enchised 
fijmi of the Gulf of Finland ; but also, being broken up by 
Storms, it becomes heaped up in the same manner as has been 
observed, and so graphically described by VVrangell as occur- 
ring in the Frozen Ocean. It is a necessary consequence that 
blocks shoidd be transported bv these masses of ice. Two 
examples of sucb removals of mai^ses of granite, which the 
plot Ziwolka has communicated to me from his joiimnl, are 
among the most remarkable of those respecting which we have 
authentic information. H«ice, I think it proper to lay them 
before the Academy, and ro much the more, because Ixjih 
cases have occurred rather recently ; and if there should be 
any error or incorrectness in the account, it would be eosj- to 
obtain fuller information. At all events, more detailed parti- 
culars and drawings would be desirable. One of the iustances 
is particularly remarkable, from the height to which the tra- 
velled stone has been carried. Near Kililehobn, in the vicini- 
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ty of Sweaberg, there is to be observed, on a fixed rock which 
has the name of Wilheller, a loose reposing stone of conside- 
rable size, which, seen at a distance, is so strikingly like a seal, 
that the sailors uf the expedition gave it that name. The 
height of its position is about three fathoms above the level of 
the sea. The inhabitants of the coast assert that the stone now 
described first made its appearance in the year 18H or 1815. 
The second instance is especially curious from this circum- 
stance, that the inhabitants of the coast declare that they a:e 
able to recognise the stone perfectly, and that thus they can 
prove a journey of SSO fathoms, or half a verst, in one winter. 
The block in question reposes at present on another larger one. 
Its transport took place about the year 1806 or 1807; and it 
is also in the neighbourhood of Rittelholm that it occurs, but 
on the opposite side from the first- mentioned block. These 
notices are not unimportant for the theory of the distribution 
of the griftiite blocks of the north, although they are just as 
insufficient to explain the phenomena as a whole, as are all the 
other known examples of the wanderings of stones that have 
taken place in historical times. They are also of importance 
in lending sirength to the conviction, that only marks cut in 
the fixed rock can afford sure data respecting the changes of 
the level of the sea, in relation to the surface of the land.* 

9. Raised Beaches at Coqiiimbo. — In a letter lately received 
from Mr I'entland, H. M. Consul- General in Bolivia, and 
dated Tacna, Peru, September 3. 1837, he says : " I had occa- 
sion to observe at Coquimbo, raised beaches on a very large 
scale, and attaining an elevation of 400 to 500 feet above the 
present sea-level. They consist of beds of sea-snnd, alienat- 
ing with others, exclusively formed of large oysters, and in 
general capped by a mass of boulders and gravel, some of the 
former weighing several tons, and coveretl with parasitic ma- 
rine mollusca. It is this modern marine deposit which forms 
the parallel roads spoken of by Captain Hall, and referred to 
by Lyell, and has evidently been raised at a very modem 

■ An intereating account ofatriTelled stone, by Sir Thomw lMckL>uder, 
B«rt., is contained in the Memoirs of the Wernerian Katural History So- 
detj, vol, Hi. p. 261, 
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' penod, many of the shells preserving their brilliant colours. 
The vicinity of Coquimbo is composed of a transition granite, 
with masses of porphyry in veinSf anil both contain the rich 
metallic veins of that celebrated inetaliiferous district. The 
Andes in this neighbourhood are very high, and if the position 
of the peak seen from the port is accurately laid down on the 
maps (and which I had no time to verify), its elevation must 
exceed 20,000 feet, according to some zenith distances I took 
of it. The country around the town from which I now write 
ia an arid sandy desert, without a trace of vegetation. It is 
covereil with loose sand of the new red sandstone series, through 
which the quartziferous trachyte rises near Tacna, and coa- 
tinuea to form a band at the base of the Andes." 

10. Philipi on the SubfbssU Shells of Pouzzuoli and Ischia. 
— Professor Philipi of BerHn, has lately published a memoir 
un the subfosiil marine sliells of Pouzzuoli and of the island 
of Ischia. At PouzzuoU tlie shells were collected in an exca^ 
vation lately made for the foundation of a new hospital, and 
all belonged to species living at present in the Mediterranean, 
with the exception of the Diplodonta d'llaiata, which is found 
in the Red Sea, hut which has probably been met with in the 
Mediterranean, and been cited by Payrandeaii under the name 
of Lucina lactea. M. Philipi deduces from the occurrence of 
these shells at Ponzzuoli, a proof that the land has beeti sub- 
merged since the commencement of the present epoch ; and 
indeed this phenomenon seems connected with that of the 
temple of SerapiiJ. In the Island of Ischia the author collect- 
ed ninety-two species of shells, of which three, viz. Tercliratula 
bipartita, Hyalixa dcprcssa, and Tontatella elotigala, have not 
yet been found in the Mediterranean. The bed which con- 
tains the shells is a clay employed by the potters, and is the 
product of the decomposition of volcanic ashes ; it frequently 
includes half decomposed fragments of pumice. M. Philipi 
draws the conclusion that the soulcvcmenl of the Island of Ischia 
has been much posterior, not only to the formation of the sub- 
apennine hills, but also to thatof the tertiary formation of Sicily, 
in which a fifth at least of the fossils belong to extinct species. 
According to the author this soulevemenl must have been con- 
temporaneous with the diluvian period. 
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NEW PUDLICATIONS. 

I. The Zo<^!/ of the Voyage of H. M. S. Beagle, under d^ emu- 
mand of Captain Fitsroy, during the yean 183i to 1836. 
Part 1. Fottil illammatia. 4to, with numerous plates : Smith, 
Elder and Compatiy, Lon<toD> By Professor Owen. 

This mngtiitictnt and most interesting work, now publishing 
under the pati-onage of Government, is to appear in parts. The 
first part, that now before ns, contains a geological introduction 
by Mr Charles Darwin, who accompanied Captain Fitzror, 
explanatory of the nature of the alluvial and tertiary deposits in 
South America, in which the fossil mammalia ore (bund ; but 
the chief part of this number is written by Professor Owen, con- 
^dered as the highest authority in comparative anatomy in this 
country. He says, " It is remarkable that all the fossils collected 
by Mr Uarwin belong toherbivorousspeciesof mammalia, gene- 
rally of a large size, The greater part are referable to the order 
which Cuvier has called Edenlata, and belong to that sub- 
division of the order (Dajiypodidee) which is characterised 
by having perfect and sometimes complex molar teeth, and 
an external osseous and tcssulated coat of mail. The me- 
gatherium is the giant of this tiihe, which at the present day 
is exclusively represented by South American species, the largest 
{Dmn/pu-s Gigas, Cur.) not exceeding ihe size of a hog. T" ? 
hiatus l>elween the living species and the megatherium is IiIImI 
up by a series of arniadillo-likc animals, indicated more or less 
satisfactorily by Mr Datwin'sfnssils, some of which species were 
as large as nn ox, others about the aixe of the American Tapir. 
The rest of the collection belongs, with exception of some small 
Bodents, to the extensive aud heterogeneous order Pachyder- 
mata ; it includes the remains of a mastodon, of a horse, and of 
two large and singular aberrant forms, one of which connects 
the Pachydermatous with th« Htiminant order; the other, with 
which the descriptions in the following pages commence, muu- 
fests a close affinity to the Rodent order." 

The first fossil animal mentioned by Professor Owen is 
named Toxodon Plattnaia, which he describes as a gigantic ex- 
tinct mammiferous animal, referable to the order Pachyder- 
mata, but with affinities to the Rodentia, Edentata, and herbi- 
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voroua Cctacea. From the dimensions of the crBnium, it would 
appear that the Toxodon Plateiiais must have been as large as 
the colossal megatherium. The osteological details are given 
in a most interesting manner ; but we regret that our limits 
prevent us entering into details. The next extinct fossil ani- 
mal described i^ named Afacrauchtiiia Patagofuca, which is 
a irammifemus quadruped, referable to the order Pachyder- 
mata, but with affinities to the Ruminaniia, and especially to 
the Camelidte. This is a very beautiful p'ecc of investigation, 
and proves the singular address and skill of our author, — for, 
furnished only with a few bones of the trunk and estremities, 
withont a fragment of tooth or of cranium, to serve as a guide 
to the animars position in the zoological scale, he has been able 
to refer it to its place in the system. 

2. Malaeoiogia Monensis ; by Edward Forbes, Esq., President of 
the itoyal PhyBical Society of Edinburgii. Carfrae & Son, 
Edinbui^h. Pp. 63, with plates. 
This interesting natural history of the molliisca of tlie Isle of 
Man and the neighbouring sea, is the first publication of an 
accomplished and intelligent 30ung gentleman, whose extensive 
scientific knowledge and acquirements entitle us to look for- 
ward with pleasure to his promised account of the higher ani- 
mals, and also the plants, of his native isle. 

£L £uay on the Antiquihf of t/ie Hindoo Medicine ; by Professor 
Boyle of King's College, London. 8vo, pp. 196. W. H. 
Allen & Co., Leadenliall Street. London. 

This very amusing and curious volume, has been already so 
fully noticetl in the different literary and medical journals, that 
we have only the agreeable dutv of recommending it to the 
notice of our general and medical readers. 



ZAet if Patents granted in Scoflandjrom itdlh December 1837 
lo IStfi March 1838 indnsive. 

■ 1. To William Keale CtAr of West Bromwich, In the county of SUf- 
tbii, manufacturing ctiemUt, for an invention ul' " improve menu in the 
nunu^cture ot iron." — 29th December I 837. 
2. To Jamek Mackxe, coich- matter, George Street, Gdiobutgb, for tn 
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invention of " an improvement or ImprovemeDla in camiges," — l3th Janu- 
«r» IMH- 

3. TojEHiEL Feakklin Nohtoh, of Manchester, merchant, for an in- 
venllon, comnmnicatecl by ■ foreigner rpsidine abrosil, of " certain improte- 
Rients on stoves or furnaces," — 15th January IRilS. 

4. To Daviel Staffohd, of New Nnrth' Street, Red Lion Square, in the 
county of Miildleaex, Rentlemnii, for an invention of " improvemcnti in cw- 
TiaKes." — lAth January IBIIQ. 

5. To William Losh, of BentonhalL. in the county of Northumberland, 
E«q-, for an inventlun of " improvemenls in deeomjiojing muriate orioda (com- 
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